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THJiOKY OF THE EARTH 


.VRTlOl.E XVI 

Of Volcanos and Earlliquaka. 

.! HPl bowels oi’ those burniHg mountains called 
volcanos contain sulphur, bitumen, and other 
mllamniablc nuiti'rials, the eflects of which are 
more viohnt than those of thunder or of "gun- 
powder ; and they have, in all ages, astonished 
mankind, and ilesolated the earth, A volcano 
is an iimnetHe cannon, with at> aperture often 
more than half a league in circumference. From 
this vast month arc projoc.led torrents of smoke 
and ol‘ flames, rivers oi‘ bitumen, of sulphur, and 
of milted metals, clouds of ashes and stones ; and 
sometiii! -s it ejects, to the distance of several 
leagues, r<»cks so eifornious, that they could not 
be moved by any combination of human force. 
The conflagratiim is so dreadful, and the quan- 
tities of burning, calcined, melted, and vitrified 
voi .it ti 
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Alibstances thrown out by the mountain, are so 
igWsrt, that they btry whole towns and forests, 
cover the plains to the tl^ickness of a hundred or 
two hundred feet, and sometimes form hills and 
mountains, which are only portions of these mat- 
ters heaped up and compacted into one mass. 
The action of the fire and the force of the explo- 
sions arc so violent, that they ^iroduce, by reac- 
tion, succussions, which shake the earth, agitate 
the sea, overturn mountains^ and destroy towns 
and buildings of the most solid materials. 

Thes^ effects, though natural, have been re- 
garded as prodigies; and, though we often be- 
hold in mini'dture effects similar to those of vol- 
canos ; yet grandeur, from whatever source it 
proceeds, has such an astonishing influence upon 
the imagination, that it is not surprising they 
should have been considered by some authors as 
vents to a central fire, and, by the vulgar, as 
mouths of hell. Astonishment produces fear, 
and fear is the source of superstition. The inha- 
bitants of Iceland believe that the groanings of 
their volcano are the cries of the damned, and 
that its eruptions are occasioned by the despe- 
ration and ungovernable fnrv of devils and tor- 
mented spirits. 

All these phsenomena, however, are only the 
effects of fire and of smoke. ln> the bowels of 
monntains, there are veins of sulphur, bitumen, 
and other inflammable substances, together with 
vast quantities of pyrites, which ferment when 
exposed to the air or moistifre, and jiroduce 
explosions proportioned to the quantity of m- 
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flaminable matter. This is the true idea of a 
volcano ; and it is easy for the naturalist to imi- 
tate the operation of t^cse subterraneous fires. 
A mixture of sul.phur, of filings of iron, and of 
water, buried at a certain depth below the 
ground, will exhibit, in miniature, all the ap- 
pearances of a voleano: this mixture sopn fer- 
ments to a degr^ of inflammation,, throws off 
the earth and stones which cover it, and produces 
explosions every w<iy similar to those of burning 
mount^jins. 

The most famous volcanos in Europe are those 
of Mount ^Una in Sicily, of Mount Hecla in 
Iceland, and of Mount Vesuvius near Naples 
in Italy. The burning of Mount iEtna is more 
ancient than the records of history. Its erup- 
tions are extremely violent; and the quantity 
of matter it throws out is so enormous, that, after 
digging sixty-eight feet deep, marble pavements, 
and other vestiges of an ancient city, have been 
found covered with this amazing load of ejected 
matter, in the same manner as the town of Her- 
culaneum has been buried with the matter thrown 
out from Mount Vesuvius. New mouths, or 
craters, were opened in ^tna in the years 1650, 
1669, and at other times. The smoke and 
flames of this volcano are seen as far as Malta, a 
distance of sixty leagues : it sends forth a perper 
tiial sinok^, and, at particular times, it throws 
out, wdth astonishing violence, flames, lava, huge 
stones, ^nd matter of every kind. An eruption 
of this .volcano. Mil the year 1597> produced an 
«^rtliquake over the whole island of Sicily, which 

R 9 
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lasted twelve days, and overthrew an immense 
number of houses and public buildings. It ter- 
minated by the bursting of a new mouth, the 
lava of which burnt up every .-thing within live 
leagues of the mountain. It discharged ashes 
so abundantly, and with such force, that they 
reached the coast of Italy, and incommoded 
vessels at great distances froiy the island. This 
volcano has, at present, t\vo principal craters, 
one of which is narrower than the otlicr. They 
both smoke perpetuallj- ; but llames o»ily appear 
during the time of eruptions I^argc stones, it 
is said, have been projected from them to the dis* 
tance of (50,000 paces. 

A violent eruj)tion, in 1680, produced a dread- 
ful earthquake in Sicily. It laid the whole city 
of Cutanea in ruins, and destroyed more tlian 
60,000 of its inhabitants, beside those who pe- 
rished in the neighbouring towns and villages. 

I lecla darts its fires through the snows and ice 
of a frozen climate. Its eruptions, however, are 
equally violent witli those of iEtna, and other 
volcanos in the more southern regions. It 
throws out ashes, lava, pumice stones, and some- 
times boiling water. The wliole island of Ice- 
land abounds in sulphur ; but it is not habitable 
within less than six leagues of the volcano. The 
history of its most violent eruptions is recordetl iu 
a book written by Dithmar BlelTkeu. 

According to historians, the burning of Mount 

“ Farelli iias given a long descriptioit of tiic eruptions of 
this niountuin. 
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Vesuvius began not be^fore the seventh consulate 
of Titus Vespasian and Flavius Domitian. Tli^ 
top of the luountain tl^en opened, and at first 
tiirew out stone*’, and rocks. These were suc- 
ceeded by flames and lava which burnt up 
two neighbouring cities, and volumes of smoke 
so thick as to darketi the light of the sun. The 
elder IMiny, stiimiJated by curiosity, jy)proached 
too near llio moulitain, and was suflbeated by 
its sulphureous steams*. Dion Cassius relates, 
tiuit this cTuplion was so violent, that ashes an<l 
sulphureous steams were tran‘<porled a^» far as 
iloiuc*, and across tlie Mrditerranc^an into .Vfrica 
and Egypt. Herculaneum was one of the cities 
that wore overwhelmed by the matter ('jected from 
the mountain : it has lately been discovered sixty 
feet under the surface of the ground, which, in 
the course of lime, had become arable, and fit 
for every kind of culture. Thi^ history of the 
discovery of Herculaneum is in tlic liands of the 
public. We have only to wish, that some per- 
son skilled ill the knowledge of nature, would 
examine with attention the dilUrent materials 
which compose these sixty feet of earth, and re- 
mark their situation, tin? alterations they have 
undergone, the direction they have followed, 
luirdncss they have acquired, &c. 

Naples appears to be situated upon a vault, 
filled with, burning minerals; for Vesuvius and 
Solfatara seem to hifve suhli'rraneoiis eommuiii- 
calions. , A\dien A'e^uvius throws out lava, Sol- 

* See Pliny the Younger’s I.eller to 'TaciMi'i. 
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fatara emits flames; and, when the eruptions oi 
tlie former cease, the burning of the latter is 
likewise extinguished. ,The city of Naples i?. 
nearly in the centre between them. 

One of the last and most dreadful eruptions 
of Vesuvius happened in the year 17'J7 *• The 
mountain discharged from several mouths, im- 
mense torrents of melted matter, which spread 
over the fields, and terminated in the sea. M. 
de Montealegre, who commwiicatcd this account 
of it to the Academy of Sciences, observed, with 
horror, .one of those rivers of fire, which, from 
its source to the sea, tvas about seven miles in 
length, fifty or sixty paces broad, from twenty- 
five to thirty palms deep, and in the valleys 
120 palms. The running matter resembled foam, 
or the dross which issues from a furnace &c. 

The ancients have left us some notices con- 
cerning the' volcanos which were known to 
them, and particularly those of ^Etna and Ve- 
suvius. Several learned and curious observers 
have in our days examined more minutely 
the form and effects of these volcanos. On com- 
paring their descriptions, the first observation 
that presents itself is, the folly of transmitting 
to posterity the exact topography of these 
burning mountains. Tbeir form mfiy be said 
to change daily ; their surface rises or sinks in 


* This volume was publi.slied in the year 1749." Several 
eruptions have happened since that time. See. HamiltouV 
History of Vesuvius. 

f Sec THistr de .I'Acad, ann. 1737, p. 7. 
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various piaces; every eruption provinces new 
gulfs or new eminences: to attempt to de- 
scribe all tiiese cUanges, is to follow and paint 
the successive vuins of a burning edifice. Tlie 
Vesuvius of Pliny, and the ^l^tna of Empedocles 
present very diderent aspects from those which 
have been so abl^i delineated by Sir William 
Hamilton and iVIr. Brydone ; and, in a few 
ages, these recent.descriptions will no longer re- 
semble their objects. Next to the surface of 
the ocean, nothing on this globe is so lluctu- 
ating and inconstant as the surface of^ volcanic 
niouiitains : but even from this inconstanev, 
and from the variation of form and movement!!!, 
some general conclusions may be drawn, by 
bringing particular observations under one point 
of view. 


Of the Changes tohich have happened in Vol- 
canos, 

The base of ^tna is about sixty leagues 
in circumference, and its perpendicular height 
about two tiiousaud fathoms above the level of 
the Mediterranean Sea. ^\’'e mav, therefore, 
regard this enormous mountain as an obtuse 
cone, the superficies of which are not h.ss than 
three Innwlred sejuare leagues. Tliis conical 
surface is ilivided into four zones, siluuled con- 
centrically above each other. Tlic iirst is the 
largest, and, by a gradual ascent, I'xtcnds above 
•Six leagues from the most di.staut point at the 
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foot of tbe mountain. This zone of six leagues 
broad is almost totally peopled and cultivated. 
The city of Catania and several villages are situ- 
ated in this first zone, the surface of which 
exceeds two hundred and twenty square leagues. 
The basis of this vast territory consists of various 
strata of ancient and modern Javas, that have run 
from difici'cnt parts of the mountain, from whicli 
explosions of subterraneous ^res have issued. 
The surface of this lava, mixed with ashes thrown 
out from diflereut craters, is converted into a fine 
soil, whip h is now sown with grain and planted 
with vines, except in a few places where the 
lava is too recent, and still remains uncovered 
with earth. About the top of the zone, we still 
sec several craters, more or less large and deep, 
from which the materials issued that have formed 
the up2)er stratum or soil. 

The second zone commences at the termina- 
tion of these six leagues. This .second zone is 
an ascent of about two leagues broad. Its de- 
clivity is every where more raj)id than that of 
the first zone; ami this rapitlity augments in 
proportion as you approach toward the sum- 
mit. The surface of tlus .second zone is about 
forty or forty-five square leagues: its whole 
extent is covered with magnificent forests, and 
forms a fine belt of verdure to the wliite and 
hoary head of this venerable mountain. The 
soil of these fine forests is nothing but lava and 
ashes converted by tbe operation of time into 
excellent earth. AVliat is still more remarkable, 
the surface of this zone is so uue<|nal, that U. 
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every where presents hills, or rather mountains, 
all of which have been produced by different 
eruptions from the suipmit of iEtna, and other 
craters below -the summit, several of which 
have formerly acted in this very zone, now con- 
verted into forests. 

Before arriving tet the summit, and after Ikw- 
ing passed these pne forests, we traverse a third 
zone, which gives birth to small vegetables only. 
In winter, this r-egion is covered with snow', 
which melts in summer. We afterwards meet 
with a line of |)crmanent snow, which marks the 
commcncc‘ment of the ffHirth zone, and extends 
to tlie top of llie mountain. These snows and ice 
occupy about two leagues from the region of 
small vegetiihlcs to the summit, which is likewise 
covered vvitli snow and ice. Its figure is an 
exact cone ; and it contains the great crater of 
the volcano, from which are continually dis- 
charged immense volumes of smoke. The inter- 
nal figure? of the crater is tluit of an inverted 
cone. It is composed of nothing but ashes and 
other burnt matters tlirown out by the mouth of 
the crater, which is in the ctjntre of the volcano. 
The external surface of the summit is very 
roiigli. 'riie snow^ is covered with ashes, and the 
cold is very piercing. (In the north side of this 
region of snow, there are scv<*ral small lakes, 
which iii ver freeze. In general, tlic surface of 
this last zone is pretty equal, ami observes llie 
same declivity, except in a few’ places; and it is 
below this region onlv where we meet with a 
'^rcat number of inequalities, eminences, and 
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liollows, prodiicefl by eruptions, and where we 
see hills and mountains more or less recently 
ibrnicd, and composed of burnt matters rejected 
by these difierent mouths or craters. 

In 1770, according to Mr. Brydone, the crater 
on the top of yEtna was more than a league in 
circumference; and very dillTerent dimensions 
have been ascribed to it botl} by ancient and 
modern authors. All these authors, however, 
were rig! t ; for the dimensions of this month of 
fire have, undergone many alterations. All we 
can infer from the various descriptions that have 
been given of it, is, that the crater, with its mar- 
gins, has been four times overturned within 
these six or seven hundred years. The materials 
of which it is composed fall back into the bowels 
of the mountain, arc again rejected by fresh erup- 
tions, and form a new crater, which augments 
and rises by degrees, till it again falls back into 
the great gulf of the volcano. 

The top of the mountain is not the only place 
from which the subterraneous fire has been dis- 
charged. Through the whole territory which 
forms the sides and ridge of iEtna, and at great 
distances from the summit, there are many cra- 
ters, which give passage to the fire, and which 
are surrounded with broken rocks, that had been 
discharged by difierent eruptions. We may even 
reckon several liills, formed by the eruptions of 
these small volcanos, which- surround the great 
one. Each of these hills has a crater at its top, 
in the centre of which is a deep mouth or gulf. 
Every eruption of yEtna has produced a ne^t 
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mountain j and, perhaps, Mr. Brydoue remarks, 
their number would determine, better than any 
other method, that of the eruptions of this famous 
volcano. . 

The city of Catania, which is situated at the 
foot of Mount .dBtna, has often been laid in ruins 
by the lavas which issued from these new moun- 
tains during the, time of their formation. In 
ascending from Catania to Nicolosi, we traverse 
twelve miles through a country formed by an- 
cient lavas, where we sec the mouths of extin- 
guished volcanos, which at present ^irc fertile 
lands, covered with grass, com, and vineyards. 
The lavas which form this region proceeded from 
the eruptions of the small mountains, which are 
every where dispersed over the sides of il^tna ; 
they are all, without exception, either regular he- 
mispheres or cones. In general, every eruption 
raised one of these mountains. Hence the action 
of the subterraneous fires does not always reach 
the summit of ililtna. They often issue from the 
sides, and even from the foot of this burning 
mountain. Kach eruption from the sides of ^iiltna 
commonly produces a new mountain, composed 
of rocks, stones, and ashes, projected to a great 
distance by the force of the fire ; and the magni- 
tu<le of these new mountains is proportioned to 
the duration of the eruption. If it continues 
but a f.;w days, it produces only a little hill, 
about a league in*circumfcrence at the base, and 
three ,or four hundred feet in perpendicular 
heigh,t. Jint,» if the eruption continues some 
monlh-i, like that of 1669 , it then gives rise to a 
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considerable mountain of two or three leagues in 
circumference, and 900 or 1,000 feet hi; li ; anil 
iiU these hilh, produced by ^lUtna, some •■'f which 
arc 1/200 feet high, ajtpear onl;, «s small eleva- 
tions inlouded to accompany llu. o.i.jestv of the 
parent mountain. 

lu Vesuvius, which is a very small volcano 
when compared witli /Etna, ej^uptions from the 
sides of the mountain arc rare, and the lava ge- 
nerally issues from the crater at the summit. 
But, in /Etna, eruptions more frequ»^ntly pro- 
ceed from the sides than the top, and lava issues 
abundantly from every now mountain formed by 
these eruptions. Mr. Brydonc, according to the 
information he received from M. Rccupcro, says, 
that the masses of stones, projected Irom ^Etna, 
rise to such a height, that they take twenty-one 
seconds of time in descending to the earth j 
while those of Vesuvius fall in nine seconds: 
hence the stones projected by Vesuvius rise to the 
height of 1,215 feet, and those projected by 
vEtna rise (ijGl.i feet; from which we may con- 
clude, if the observations be accurate, that the 
force of .Etna is to that of Vesuvius as 441 to 81, 
i. e. five or i>i\ times greater. That Vesuvius is a 
very feeble volcano, when compared to /Etna, 
is proved in a more forcible manner by this 
circumstance, that .(Etna has actually produced 
other volcanos, which are larger than that of 
Vesuvius. 

“ Not a great way from this cavern,” says Bry- 
done, ‘"'are two of the most beautiful mountains of 
all that number that spring from yE’.tna. I mounted 
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une of our best mules, and, with a good deal of 
difficulty, arrived at the summit of the highest of 
them just a little before sun-set. The prospect 
of Sicily, with the surrounding sea and all its 
islands, was woiiderfullv noble. The whole 
course of the river Semetus, the ruins of Hybla, 
and several other afticient towns ; the rieh corn- 
fields and viucyyds on the lo'vcr r<jgion of the 
mountain, and the ama/^ing number of beautiful 
mountains below, made a delightful seeue. The 
hollow craters of these two mountains are each 
of them considerably larger than tliaUof Vesu- 
vius. They are now filled with stately oaks, and 
covered to a great depth with the richest soil. 1 
observed that this region of .Ktna, like the 
former, is composed of lava ; but this is now co- 
vered so deep with earth, that it is no where to be 
.seen, but in the beds of the torrents. In many of 
these it is worn down by tin; water to the depth ot 
fifty or si.xty feet, and in one of them still consi- 
derably more. . . . This conical mountain is of 
a very great size; its eircumferenee eiinnoi hi; 
less than ten mil<;s. Here wo took a second re^t, 
as the greatest part of our fatigiu- still remained 
The mercury had lidlen to y.O: ’li.-- We founti 
this mouutaiii excessively stoe^) ; and allhough it 
had appeared bla< k, yet it was likewise covered 

with SHOW 'I'he present crater of tliis im- 

jiicifse vi^IcaiK) in a circle oi’ about three mile: 
and a hall’ in circtiinference. It goes shelving 
down <yi each side, and i'onns a regular hollow, 
like a yast amphitheatre. From many places of 
tl)i< space, i^sue volinnes of sulphureous smoke. 
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wliich, being tnucli heavier than tiie circumaifi ' 
bient air, instead of rising in it, as smoke gene- 
rally docs, immediately on its getting out of the 
i^ter, rolls down the side of the mountain like a 
torrent, till, coming to that part of the atmosphere 
of the same specitic gravity with itself, it shoots 
off horizontally, and forms a darge track in the 
air, according to the direction of the wind; 
which, happily for us, carried - it exactly to the 
side opposite to that where - we were placed. 
1'he crater is so hot, that it is very dangerous, 
if not impossible to go down into it ; besides, 
the smoke is very incommodious, and, in many 
places, the surface is so soft, there have been 
instances of people sinking down in it, and pay- 
ing for their temerity with their lives. Near the 
centre of the crater is the great mouth of the 
volcano .... When we arrived at the foot 
of the cone, \vc observed sonic rocks of an in- 
credible size, that have been discharged from the 
crater. "I'lie largest that has been observed from 
Vesuvius, is a round one of about twelve feet in 
diameter. 'I'hese arc much greater; indeed al- 
most in proportion of the mountains to each 
other." 

As all that region from the top of A^Una, to 
the distance of two leagues below, presents an 
eilual snrfocc, without hills or valleys, and as the 
rains of Empedocles, tlie philosopher’s tower, 
who lived 400 years before the Christian sera, 
are still to he seen, it is probable, that., during 
all this period, the great crater has marie few 
or no eruptions. Hence the force of the fire 
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has diminished, as it no longer acts with vio- 
lence at the summit, and as all tlie modern 
eruptions have happened in the lower regions 
of the mountain. However, within these few 
centuries, the dimensions of the great crater have 
been often changed, as appears from the mea- 
surements of Sicilian authors at different periods. 
Sometimes it fallj» down, and is agaip gruduiilly 
elevated till it fells afresh. The first of these 
fallings, which are well attested, happened in the 
year 1157, a second in a third in 144-i, 

atid the last in 1G6<). Hut, from these facts, we 
should not conclude, as Mr. Brydone has done, 
that the crater will .soon suffer another overthrow. 
The notion, that this eflcct should be produced 
ever^ hundred years, seems to have no founda- 
tion. I should rather imagine, that, us the fire 
no longer acts witli violence at the summit, its 
force has diminished, and will continue to di- 
minish, in proportion as the sea retires : it ha.s 
already retired several miles by the action of the 
volcano, vvhicii has formed large banks and bul- 
warks by vast torrents of lava. Bi.'sidcs, we 
know, from the diminished rapidity of Scylla 
and Cluirybdis, and several other indications, 
tliat tlic Sicilian Sea has sunk considerably within 
these years. We may, therell>re, cou- 

eludc, that this sea will continue to sijik, and, of 
course, that the action of the nciglibouring vol- 
canos will not relaS ; so that the crater of ./Kina 
may rejiiain during a long time in its pre.scnt 
-.'lute ; ,nnd, if ever it falls back into the gulf, it 
will probably he for the last time. I farthes 
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prci-umc, that /T<:tna ought to be regarded as one 
ot‘ the priinilive mountains, on account of its 
height and (lie immensit\' of its size, and that it 
began to act at the remote piriod when the wa- 
ters tirst retreated. Its action, however, ceased 
aiter tliis retreat, and was not renewed till that 
modern period when the Medite'rranean Sea, be- 
ing elevated bj' the riiptnrc of tijc Bosphorus and 
the straits of Gibraltar, deluged the land hctweeti 
Sicily and Italy, and approached to the basis of 
ilitna. Perhaps the first of these eruptions is 
still posb;rior to this epoch of Nature. “ It is 
evident,” A'lr. Brydoiic remarks, “ that .'Ktna 
did not burn in the days of Homer, nor for a long 
time before, otherwise it would have been impos- 
sible that this poet .should have talked .so much 
of Sicily, witliout mentioning an object so aslo- 
lii.shing.” This remark of Mr. Brtalone is ex- 
trcnicly /usf i and, of course, the first known 
eruptions ol' ..'I'ltna should he dated after tlje age 
ofllonu-i. But we perceive, from the poctieal 
allusion of Pindar and Virgil, and from the de- 
scriptions of ancient and modern aiUhors, that, 
in the space of eighteen or nineteen ccnturie.s, 
the whole face of this mountain and of the ad- 
jacent country has been changed by earthquake.s, 
eruptions, torrents of lava, and the formation of 
hills and gulfs by these commotions. For the 
facts above related I am indebted to Mr. Bry- 
doiie's excellent performance; and I have too 
high an esteem for Mr. Brydone to believe that 
he can be otTended, because I do not agree with 
him as to the force of volcanos, and some other 
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concluhions he has drawn from these facts. No 
preceding author has observed with equal acute- 
ness, or presented such lively pictures of the ob* 
Jccts he surveyed ) the whole republic of letters, 
therefore, ought to unite in celebrating a work so 
deserving of praise. 

Torrents of glass sin fusionj which have re- 
ceived the denomination of lavas, are not the first 
effects of eruption^ These eruptions* are com- 
monly announced by an earthquake more or leas 
violent, which is the first effort of the subterra- 
neous fire to escape from the bowels of th^ earth: 
it soon, however, opens a passage, which it en- 
larges by projecting rocks and every other ob- 
struction to its motion. These materials, which 
are exploded to a great height, fall back upon 
each other, and form an eminence more or less 
considerable in proportion to the duration and 
violence of the eruption. As alL the ejected 
matters are penetrated by fire, and most of them 
converted into burning ashes, the eminence to 
which th^ give rise is a mountain of solid fire^ 
in which a great part of the matter is melted by 
the fervency of the heat. This melted matter 
soon begins to run, and generally flows to the 
foot.of the new mountain by which it was pro- 
do^ But, in small volcanos, which have 
not force sufficient to throw the ejected matters to 
a great distance, the lava issues from the top of 
the mountain. This effect is conspicuous in the 
eruptions of Vesuvius. The lava rises in the 
centre oT the crater. The volcano first throws 
out stones and ■ ashes, which fall peipendicularly 
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back into the old crater and augment its size- 
It is through this additional matter, which has 
fallen back, that the lava opens a passage. These 
tii'o effects, thoagh different in. appearance, are 
nevertheless the same i for in a small volcano, 
wliich, like Vesuvius, has not force enough to 
give birth to new mountains by projecting its 
materials to a distance, the whole fail back upon 
the summit, and increase its height ^ and it is at 
the foot of this new crotvn of matter that the 
lava forces its way and flows down the moun- 
iai'v This last effort is generally succeeded by 
a repose of tlie volcano. The succussions of the 
earth within, and the prrjections without, cease 
as soon as the lava flows. But the torrents of 
this glass in fitsion produce effects still more ex* 
teosive and disastrous tlvan the convulsions of the 
mountain during an eruption. These rivers of 
Are ravage, destroy, and disfigure the surface of 
the earth. Nothing can oppose their dreadful 
progress. Of this the unfortunate inhabitants 
of Catuiiia have had fatal experience.^ As their 
city had often been destroyed, either wholly or 
in part, by these torrents of lava, they built very 
strong walls of flfly-ilve feet in height. Sur* 
rounded by these ramparts, they believctl them- 
selves to be safe. The walls, it is true, 
the heat and the weight of the tori'ent. But this 
resistance seiwcd only to dam up the lava, which 
rose above the ramparts, fell back upon the city, 
and ravaged every thing in its progress. 

These torrents of lava are often half a league, 
and sometimes even two leagues broad. 
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** ' The last lava we crossed before oar arrival 
at Catania, is of a vast extent. I thought we 
never should have done with it \ it certainly is 
not less than six* or seven miles broad, and ap- 
pears in many places to be of an enormous depth. 

When we came near the sea^ I was desirous 
to see what form it had assumed in meeting with 
the water. I wen^t to examine it, and found it 
had driven back the waves for upwards of a mile, 
and had formed a large black high promontoiy, 
where before it was deep water. This lava, I ima- 
gined, from its barrenness, for it is as yetacovcred 
with a very scanty soil, had run from the mountain 
only a few ages ago ; but was surprised to be in- 
formed, by Siguior lleoupero, the liistoriographer 
of v£tna, that this very lava is mentioned by 
Diodorus Siculus to have burst from i£tna in 
the time of the second Punic war, when Syra- 
cuse was besieged by the Romans.’ A detach- 
ment was sent from Taurominum to the relief 
of the besieged. They were stopped on their 
march by this stream of lava, which, having 
reached the sea before their arrival at the foot of 
the mountain, had cut olf their passage; and 
obliged them to return by the back of i£tna, up- 
wards of 100 miles about. His authority for 
this, he tells me, was taken from inscriptions 
on Roman monuments found on this lava, and. 
that it was likewise well ascertained by many of 
the old Sicilian authors. Now, as this is about 
2,000 years ago, one would have imagined, if 
lavas have a regular progress in becoming fertile 
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fields, that this must long ago have become at 
least arable; this, however, is not the case, and* 
it is as yet only covered with a very scanty vege- 
tation, and incapable of producing either corn or 
vines. There are indeed pretty large trees grow- 
ing in the crevices, which are full of a rich earth ; 
but in all probability it wifi be some hundred 
years yet, .before there is euopgh of it to render 
this land of any use to the proprietors. 

“ We passed the river Alcantara on our way 
to Piedmonte, over a large bridge built entirely 
d) ikva f and near to this the bed of the river is 
continued for a great way, through one of the 
most remarkable, and probably one of the most 
ancient lavas that ever run from ALtna. In 
many places the current of the river, which is 
extremely rapid, has worn down the solid lava to 
the _ depth of fifty or sixty feet. Recupero, the 
gentleman I liave mentioned, who is engaged in 
writing the Natural History of JEtna, telis me, 
he hefd examined this lava with great aitentiou, 
and he thinks that its course, including all its 
windings, is not less than forty miles. It issued 
from a mountain on the north side of A^tna, and, 
finding some valleys that lay to the east, it took 
its course that way, interrupting the Alcantara in 
many places, and at last arrived at the sea, not 
far from the mouth of that river. 

The city of Jaci or Aci, and indeed all the 
towns on this coast, are founded on immense 
rocks of lava, heaped one above another in some 
places to an amazing height; >for it appears that 
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these flaming torrents, as soon as they arrived at 
•the sea, were hardened into rock, which not yield- 
ing any longer to the pressure of the .liquid Are 
behind, the melted matter continuing to accu- 
mulate, formed a dam of Are, which, iu a short 
time, run over the solid front, pouring a second 
torrent into the ocean : this was immediately 
consolidated, and^ succeeded by a third, and so 
on ... . The road from Jaci to this city is 
entirely over lava, and cousc(iuently very fa- 
tiguing and troublesome. Within a few miles 
of that place, we counted eight mountain^f>r*nc- 
by eruptions, with every one its crater, from 
whence the burnt matter ivas discharged. Some 
of these are very high, and of a great compass. 
It appears evidently, that the eruptions of 
Mount iEtna have formed the whole of this 
coast, and in many places have driven back the 
sea for several miles from its ancient boundary. 

At Catania, near to a vault which is 

now thirty feet below ground, anrl bus pro- 
bably been a burial place, there is a draw-well, 
where there are several strata of lavas, with 
earth to a considerable thickness over the sur- 
face of each stratum. Recupero has made use 
of this as an argument to prove the great an- 
tiquity of the eruptions of tliis mountain. For 
if it requires two thousand years or upwards 
to form l)ut a scanty soil on the surface of a 
lava, there must have been more than that 
space of time' betwixt each of the eruptions 
which ^havc formed these strata. But what 
shall we say of a pit thej' sunk near to .Taci, 
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of a great depth ? They pierced through seven 
distinct lavas, one under the other, the surface# 
of which were parallel, and most of them co- 
vered with a thick bed of rich- earth. ‘ Now, 
says he, * the eruption which formed the lowest 
of these lavas, if we may be allowed to reason 
fropi analogy, must have flowed from the moun- 
tain at least 14,000 years agOi^ . . . 

The great eruption of 1^69, after shaking 
the whole country around for four months, and 
forming a very large mountain of stones and 
csfeeSL^ burst out about a mile above Monpelieri, 
and, descending like a torrent, bore directly 
against the middle of that motintaiu, and (they 
pretend) perforated it from side to side: this, 
however, I doubt, as it must have broken tho 
regular ibrm of the mountain, which is not 
the case. But certain it is, that it pierced it 
to a great depth. The lava then divided into 
two branches j and, surrounding this moun- 
tain, joined again on its south side ; and, lay- 
ing waste the whole country betwixt that and 
Catania, scaled the walls of that city, and 
poured its flaming torrent into the ocean. In 
its way, it is said to have destroyed the posses- 
sions of near 3o,000 people, and reduced them 
to beggary. It formed several hills where 
there were formerly valleys, and filled up a 
large lake, of which there is not now the least 
vestige to' be seen . . . There is no part of the 
coast from Catania to Syracuse nearer than 
thirty miles to its summit; and yet there h<.a 
hardly been any great eropli' 
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lava has uot reached the sea, and driven back 
•its waters to a great distance, leaving high 
rocks and promontories, that for ever set its 
waves at defiance, and prescribe their utmost 
limits. What a tremendous scene must the meet- 
ing betwixt tliese adverse elements have formed ! 

" We may easily conceive the variety of 
changes this coast has undergone in the space 
of some thousaiids of years, as every great 
eruption must have made a considerable ditVer- 
ence. — Virgil is wonderfully minute and ex- 
act in his geography of Sicily; and tliif. 
only part of the island that seems to be ibate- 
rially altered since his time. He says there 
was a very large port at the foot of ^^tna, where 
ships were secure from every wind j 

* Portus ab accessu ventoruni immotus ct ingciis ; ’ 

of which, at present, there are •not the least 
remains. It is probably the same that was 
called by the Sicilians the port of Ulysses; 
which is often mentioned by their writers. — 
I'he place of its existence is still shown betwixt 
three and four miles up the country, amongst the 

lavas of i£tna 

The circumference of the great base of 
JEtna, Rccupcro told me, he had been at a 
good deal of pains to ascertain; as it bad ge- 
nerally * been computed only at lUU miles, 
or little more, altiiougb the radii of that circle 
had ever been esteemed at thirty of those miles; 
an absurdity computation that had put him 
upon making this inquiry. The result was, 
that, taking the supposed distances of one place 
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from another all the way round, the sum of 
the whole amounted to 183 miles : an immense 
circle surely, and which is still enlarged by 
every considerable eruption.” > 

Here wc have a territory of about 300 super' 
ficial leagues, all covered or formed by the pro' 
jections of volcanos. In (this territory, inde< 
pendent of the peak of ^tna, there are many 
other mountains, all of which are furnished with 
craters, and exhibit an equal number of particu- 
lar volcanos. iEtna, therefore, must not be re- 
a single volcano, but as an- assemblage 
of volcanos, the greater part of which are extin- 
guished, or burn with a gentle (ire, and a few of 
them still act with violence. At present, the 
vil KXm. iWovja out TvolVvin^ siovoV.^*, 


vueve seems to have been no eruption from 
It or a very long period of time ; because it is 
surrounded, to the distance of two leagues, with 
an equal surface, and below this high region, co- 
vered with snow, we find a large zone of vast 
forest, the soil of which is a fertile earth ofse- 
vera eet in thickness. Ibis inferior zone is 
mte^persed with inequalities, and presents 
heights valleys, bills, aiitl even pretty large 
moaataws. flbt, as almost the whole of th^e 
megu^ties aw covered aith a gwat thickness 
of earth, and as a long succession of time was 
necessary to convert volcanic mutters iiito ve^e- 
table sod we should regard the summit "of 
^tna, and the other mouths which surround it, 
to the distance of four or five .leagues, as vol 
canos almost extinct, or. at least, stifled for 
number of agesj for all the eruptions, the dates 



AND EARTHQUAKES. 


Q5 

of which can be ascertained for 3,500 years, 
have happened in the lower region, i. e. five, 
six, or seven leagues distant from the summit. 
The volcanos of Sicily seem to have had two dif* 
ferent ages: the first very ancient, when the 
summit of iEtna began to act, and when the uni> 
versal ocean left this summit dry, and sunk 
some hundreds o( fathoms below : it ]vas at this 
period that the first eruptions happened, which 
produced lava at the summit, and gave rise to 
those hills found below in the region of forests; 
but afterwards, the waters continuingatiu' w'.uk*, 
they totally abandoned this mountain, as well as 
all the territories of Sicily and the adjacent coa> 
tinents. After this total retreat of the waters, 
the Meditermnean was only a lake of a moderate 
extent, and its waters were very distant from 
Sicily, and all the countries whose coasts it now 
washes. During all this time, which lasted seve-^ 
ral thousand years, Sicily was perfectly tranquil : 
i£tna, and the other ancient volcanos which 
surround its summit, had ceased to act ; and it 
was not till after the augmentation of the Medi- 
terranean by the waters of the ocean and of the 
Black Sea, i. e. after the rupture of the straits of 
Gibraltar and of the Bosphorus, that the waters 
attacked the bases of the new mountains of .f^tna, 
and produced those modern eruptions, which 
have happened since the age of Pindar. to the 
present time ; for this poet is the first author who 
has ta]j:cn notice of eruptions of volcanos in 
Sicily., Vesuvius was precisely in the same situ- 
ation : it was long one of the extinguished vol- 
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canos of Italy, which are very numerous; and 
their eruptions were not renewed till after the 
waters of the Mediterranean were increased, and 
reached the bases of these inflammable mountains. 
The memory of the first eruptions, and even of 
all those which preceded the age of Pliny, was 
entirely obliterated. Neither'tthould this circum- 
stance exqite surprise; for ten thousand years 
have perhaps elapsed since the 'general rctreat 
of the w'aters to the augmentation of the Medi- 
terranean, and an equal portion of time from 
rrSfOruption of Vesuvius till their removal. 
All these considerations seem to prove, that sub- 
terraneous fires cannot act with violence, unless 
when they are so near the sea as to receive a 
shock from a great body of water. This rea- 
soning is confirmed by other phssnomena : vol- 
canos sometimes throw out great quantities of 
water, and likewise torrents of bitumen. P. de la 
Torre, an able philosopher, relates, ** that, on the 
10th of March, 17 ^ 5 , an immense torrent of 
water issued from the foot of the mountain, which 
deluged tlie neighbouring country. This torrent 
brought down such a quantity of sand, that it 
covered an extensive plain. I'liese waters were 
very hot. The stones and sand left on the plain 
differed not from those found in the sea. The 
torrent of water was immediately followed by 
another of inflamed matter, which proceeded 
from the same opening 


* Hist. i\u Mont Vesuve, par le P.* J. M. de ,1a Torre; 

Journal Etratiger, mois Janvier^ 157d, p. QOS. 
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** The same ^uption, 17^^* was preceded,” 
says M^’Aithenay, ** by an inflammation so 
great, that it iliuminated more than twenty-four 
miles of countiy along the coast of Catania. The 
explosions were soon so frequent, that, on the 
3d of March, we perceived a new mountain in 
the top of the old •summit, in the same muaner 
as lately happened to Vesuvius. ^Lastly, the 
magistrates of Mascali informed us, that, on the 
9th of the same month, the explosions were 
terrible ; that the whole sky was darkened with 
smoke; that, on the approach of night,- iL bi;.- 
gan to rain a deluge of small stones, some of 
which weighed three ounces, and covered all 
the adjacent cantons; that this tremendous rain 
continued an hour and a quarter, and was suc- 
ceeded by another of black ashes, which lasted 
the whole night; that next day, about eight 
o’clock in the morning, the summit of Attna 
threw out a river of water, which, for magni- 
tude, might be compared to the Nile; that the 
most ancient and rugged mountains of lava 
were in an instant converted by this torrent into 
a vast plain of sand; that the water, which 
fortunately ran not above half a quarter of an 
hour, was veiy hot; that the stones and sand 
carried along with it differed not from those, of 
the sea^ that, after this inundation, there issued 
from the same mouth a small rivulet of Are, 
which flowed during twenty-four hours; that, 
on thq llth, about a mile below this mouth, a 
rent (happened) through which issued a stream 
*>f lava, of about a hundred fathoms broad by 
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two miles in length, and that it continued its 
course through the country the sa^e day in 
which M. d’Arthenay wrote this relation 
Let us attend to what Mr. Brydone has re- 
marked concerning this eruption : “ Part of the 
fine forests which compose the second region 
of y£tna was destroyed by a Very singular event, 
not Jater than the year 17o3. , During an erup- 
tion of the volcano, an immense torrent of boil- 
ing water issued, as is imagined, from the great 
crater of the mountain, and in an instant poured 
down- to its base ; overwhelming and ruining 
every thing it met with in its course. Our con- 
ductors showed us the traces of this torrent, which 
are still very visible j but are now beginning to 
recover verdure and vegetation, which for some 
time appeared to have been lost. The track it 
has left seems to be about a mile and a half 
broad ; and ih some places still more. 

“ The common opinion, I find, is, that this 
water was raised by the power of suction, through 
some communication betwixt the volcano and 
the sea j the absurdity of which is too glaring to 
need a refutation. I'hc power of suction alone, 
even supposing a perfect vacuum, could never 
raise water to more than thirty-three or thirty- 
four feet, which is equal to the weight of a 
column of air the whole height of the atmo- 
sphere.”, 

I must here observe, that Mr. Brydone seems 


^ Mem. des Savnns Etrangers, imprimes eomme 'suite dcs 
Meip. I’Acad. dcs Sciences, tom. iv. p. 147> 
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to have deceived himself; for he confounds the 
force arising from the weight of the atmosphere 
with the- force of suction produced by the ac- 
tion of fire. - The force of the air, when a va- 
cuum is made, is indeed limited to thirty-four 
feet. But the force of suction by fire has no li- 
mits : it is always *proportioned to the quantity 
and intensity of, the heat by which, it is pro- 
duced, as is evident, from the common effects of 
blast furnaces. Hence the opinion of the en- 
lightened people of the country, instead of being 
absurd, seems to be well founded. It^f 
sary that the cavities of volcanos should commu- 
nicate with the sea : without this communica- 
tion, such immense torrents of water could not 
be thrown out, nor indeed could any eruption ever 
happen; for no power, except the shock pro- 
duced by the mingling of fire and water, could 
give rise to such violent effects. 

The volcano of Pacayita, called the water vol- 
cano by the Spaniards, in all its eruptions, throw.s 
out torrents of w'atcr. The last eruption, in the 
year 1773, destroy wl the city of Giiatimala, and 
the torrents of water and lava descended to the 
South Sea. 

With regard to Vesuvius, it has been re- 
marked, “ that a wind, which blows from the sqa, 
penetrates into the mountain. The noise it makes 
in certain cavities is heard, as if some torrent 
passed below : this noise ceases whenever the 
land winds blow, and, at the same time, the 
exhalations from the mouth of Vesuvius be- 
come less considerable. But, when the wind 
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blows from the sea, this noise, which resembles 
that of a torrent, recommences, and the exba« 
lations of flame and smoke increase.. The wa> 
ter of the sea, by thus insinuating itself into 
the mountain, sometimes in greater, and some- 
times in smaller quantities, is the reason why 
this volcano has often thrown but both ashes and 
water*.” .. 

The learned M. d’Arthenay; who has com- 
pared the modern with the ancient state of Ve- 
savins, relates, that, during the interval which 
preCcileA the eruption 1631, the funnel or cra- 
ter of tile mountain was covered with trees and 
verdure; that the small plain which bounds it 
produced excellent pasture; that, in departing 
from the superior margin of the crater, we have 
a mile to descend before we arrive at this plain, 
in the middle of which was another gulf. We 
descended this gulf about a mile, by narrow 
and winding roads of an equal declivity, which 
ted into a vast space surrounded with caverns, 
from whence there issued m'nds so impelmus 
and so cold, that it was impossible to endure them." 
According to the same observer, the summit of 
Vesuvius was then five miles in 'circumference. 
We should not theretbre be surprised, that some 
philosophers have maintained that what seems 
now to be two mountains, was formerly one; 
that the volcano was in the centre, but that the 
south side, having fallen by Hhe force of some 

* Descript. Historique et Philos, ile Vesuve, par. IVP. J’Abbe 
Mecatti ; Journal Etranger, mois Oct. ] 7^4. 
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eruption, produced the valley which separate<t 
Vesuvius from Mount Somma*. 

M. Steller remarks, that the volcanos in the 
north of Asia are almost always isolated; that 
they have nearly the same surface; and that 
there are always lakest on the summits, and hot 
waters at the foot df those mountains whose vol- 
canos are extinct. This,” he adds, “As a farther 
proof of the correspondence established by na- 
ture between the sea, mountains, volcanos, and 
liot waters.” We find many springs of hot water in 
different parts of Kamptschatka f . In the isnind 
of Sjanw, forty leagues distant from Temate, 
there is a volcano, which often throws out water, 
ashes &c. But it is unnecessary to accumu- 
late more facts to prove the communication of 
volcanos with the sea. The violence of their 
eruptions would be sufficient to justify the pre- 
sumption ; and the general fact, that all acting 
volcanos are situated nqar the sea, completes the 
demonstration. However, as some philosophers 
have denied the reality and even the possibility 
of this communication of volcanos with the .<sea, 
I shall mention another fact, related by M. de la 
Cundainine, a man ecpially enlightened as wor- 
thy of cre<lit, “ On the 14tli of June, he 

remarks, “I mounted to the summit of Vesu- 
vius, and even to the brink of the funnel formed 


’ Observ. sur le Vusuve, par M. d’Arthenay ; Journal dc 
^ a vans Ktrangers, torn. iv. p. 147. 

f ‘Hist. Gen. de.s V«iyagcs, tom. xix. p. 

Ibid. tom. xvii. p. 54. 



OF VOLCANOS 

round the mouth of the volcano by its last ex^ 
plosion ; and I perceived in the gulfj about, forty 
fathoms deep, a great cavity resembling 'a vault 
toward the north of the mountain. « I threw down 
large stones into this cavity, and counted twelve 
seconds before the noise of their rolling ceased. 
At the end of their fall I heard a noise similar 
to that of*a^ stone falling into a mire ; and, when 
nothing was thrown in, 1 heard a noise like that 
of agitated waves If the fall of the stones 
had been perpendicular, and met with no ob- 
''s1ticlcy4«'elve seconds would have given a depth 
of 2, 1 60 feet, and the bottom of the gulf would, 
on this supposition, be deeper than the level of 
the sea ; for, according to le P. de la Torr&, in 
17o3, this mountain was only 1,677 feet above 
the surface of the sea, and this elevation has been 
diminished since that period. Hence we may 
conclude, that the caverns of this volcano de- 
scend helow the level of the sea, and, of course, 
they may have subterraneous communications. 

On the 15th of July, 1753, 1 received, from an 
eye-witness, and an accurate observer, a distinct 
detail of the then condition of Vesuvius. 1 shall 
subjoin it in the words of the author, because it 
will tend to fix Our ideas concerning what is to 
be farther apprehended from the effects of this 
volcano, the "force of which seems to be greatly 
diminished. 

** Having arrived at the foot of the mountain, 

« Voyage en Italic, par M. de la Cundamine; Mem. de 
I’ Acad, des Sciences, ann. 1757, p. 371. 
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fVhich is about two leagues distant from Naples; 
We mounted during an hour and a half upon 
asses, and an equal portion of time was employed 
in completing the journey on foot. This is the 
steepest and most fatiguing part of the way. We 
held by the belts of two men who went before, 
and wt; climbed among ashes and stones formerly 
exploded. 

“ In our ascent,* Ve saw the lavas of different 
eruptions. The most ancient, whose age is un- 
certain, but tradition assigns it 200 years, is of 
an iron-gray colour, and has all the appearance, 
of a stone : it is used for paving the streets of 
Naples, and in other works of masonry*. We 
found others, which were said to be sixty, forty, 
and twenty years old. The last was thrown out 
in the year 17o2 .... These different lavas, 
except the most ancient, when viewed at a dis- 
tance, have the appearance of a blackish brown 
rugged earth, more or less recently laboured. 
When viewed nearer, it is a matter perfectly 
similar to the refuse of iron foundries. It is more 
or less composed of earth and ferruginous mat- 
ter, and approaches more or less to the nature of 
stone. 

“ When arrived at the top, which, before the 
eruption, was solid, we find the first basin, whose 
circumference is said to be two Italian miles, and 
its depth ^ppears to be about forty feet. It is 
surrounded with a crugt of earth, which gradually 
thickens toward the base, and its upper margin is 
two feet broad. The bottom of this basin is co- 
vered wifh a greenish yellow sulphureous matter, 
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which is hanl and warm, hut does not bum j and 
smoke issues through <lillerent fissures. 

“ In the centre of tliis basin we see a .second, 
which is about half the circumference an<I half 
liic di^pth of the f()nncr. Its bottom is covered 
with a blackish brown matter, similar to the 
Jix’shest lavas we find on the road. 

“ In the second basin, there is a small mount 
which is hollow internally, open at the top, 
and likewise open from the top to the base to- 
ward that side of the mountain where wc 
•aficeivlcd. This lateral opening is about twenU' 
feet broad at the top, anti four feet at the base. 
The height of this small mount is about forty 
feet; the diameter of the base is about as much, 
and that of the opening at the top about twenty 
fcet. 

“ This base ri.scs about twenty feet above the 
second basin, and forms a third basin, which 
is filled with a liquid and burning matter, and 
has a perfect resemblance to the melted metal 
in an iron furnace. This matter perpetually 
boils with great violence. Its movements have 
the appearance of a lake moderately agitated, 
and the noise it produces is similar to that of 
waves. 

Every minute, quantities of this matter ar« 
projected into the air, like water thrown up 
by many jets-d’eaux. 'I’hesc^ projections pro- 
duce the api)earance of burning sheafs of wheat, 
which rise to the heiglit of thirty or forty feet, 
and fall back in various cprves, partly into 
their own basin, and partly the second, which is 
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"jovercfl with a black matter. It is the reflected 
lii^lit of these burning jets which is seen from 
Naples (luring the night. The noise they make 
ill their eIevatioi\ and fall seems to be composed 
of that of fire- works, and the noise produced 
by the waves of the sea, when violently dashed 
cigniust a rock. 

“ The boilings and j('ts produce a perpetual 
evacuation of this* inatter. Through tlie aper- 
ture of four feet, at tlie base of the small mounti 
a burning rivulet, of the same dimensions with 
the aperture, continually flows, and descends in 
an inclined canal, and witli a mean movement, 
into the second basin, where, after dividing into 
several rills, it stops anil is extinguished. 

** This burning rivulet consists of fresh lava, 
which runs only eight days. But, if it coii- 
(inues to augment, it will in time produce a 
new overllovving into the plain, simjiar to ihat 
which happened two years ago. The wliole 
is accompanied with a thick smoke, which lias 
nut the odour of sulphur, but jirecisely Ihat 
wliich procf'i-ds from a fnrnyee whore tiles are 
roasted. 

Wc may, vvilhout danger, go round the 
margin of tlu' crater; because the little hollow 
mount, Jrom which the burning proji-ctions 
are made, is suflicicntly diMant to prevent all 
appreliensi'>ns. We may also, without danger, 
descend into the first^ basin ; w’c may even go 
upon the margin of the second, if the reverbe- 
ration of the burning matter does not prevent 
us 
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" This was the real state of Vesuvius on the 
13tb of July, 17^- But it p''. petaaliy changes 
its form and aspect. It now throws out no 
stones, and we perceive no flame*.” 

These observations seem to prove, that the seat 
of the burninj^ in this volcano, and perhaps in 
all others, is at no great depth in the bowels of 
the mountain, and tliat it is not necessary to sup- 
]K)se their fires on a level v'ith, or lower than 
the sea, and to make their explosions from 
thence during the time of eruptions. It is suffi- 
cient that there are caverns and perpendicular 
fissures below, or rather at the side of the fire, 
which serve as ventilators to the furnace of the 
volcano, 

M. de la Condaminc, who has had more op- 
portunities than any other philosopher, of ex- 
amining a number of volcanos in the Cordeliers, 
lias likewise explored that of Vesuvius, and all 
the ad jacent territories. 

” In the month of June, 1755,” he remarks, 
** the summit of Vesuvius formed an open funnel 
in a mass of ashes, calcarious stones, and sul- 
phur, which burned at difterent distances, and 
tinged the surface with its colour. J'he fire 
streamed through different crevices, in which 
the heat was so great, that, in a short time, it 
inflamed a stick thrust some feet down these 
fissures. 

" For several years past^ the eruptions of this 


* Note %*nt to M. de Builbn from Naples, in September, 
t753 
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volcano have been frequent; and, every time 
flames and liquid matter were tiirown out, the 
mountain underwent eonsiderahle changes both 

in its h(.-ight aiul external figure In a 

small ]tlain on the si<lc of the mountain, com- 
posed of ashes and stones projected from the vol- 
cano, there is a breast of steep semicircular 
rocks, of 200 feet, high, which bound Jthis plain 
on the north. Wef perceived, near the crevices 
recently opened in the flanks of the mountain, 
the places through which the torrents of lava, 
with which the whole of this vall<*y is filled, had 
issued during the last eruption. 

“ This spectacle ]>rcseuls the appearance of 
metallic waves cooh.-d and congealed. We may 
form an imperfect idea of it by imagining a 
sea of thick and tenacious mattt r, the waves of 
which had begun to calm. I'his sea has its 
islands; they arc detached masses,* like hollow 
spongy rocks, whimsically interspersed with 
vaults and grottos, under which tijc burning 
liipiid had made a kind of reservoirs, resembling 
furnaces, rroin these grottos, with their vaults 
anel pillars, hang numbei*s of seoriic, in the 
form of irregular grapes, of all shaelcs and 
colours 

“ All the mountains and coasts in the envi- 
rons of Naples, arc nothing but masses of burnt 
matter thrown out by volcanos which now no 
longer exist, and wfiose eruptions, vvbieh have 
lieen aiiterior to all history, probably (onued 
the ports of Naples and I’nzzoli. riic .same 
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matters are, conspicuous on the wliole road from 
Naples to Rome, and even at the port of Rome 
itself. 

The whole interior part of Arount Frascati, 
the chain of hills ivhich extends from this place 
to Grotta-ferrata, Castlcgandolfo, and as far as 
Lake Albano, a great part of Mounts Tivoli, 
Caprarola, Viterbe, Sec., are .composed of cal- 
cined stones, of pure ashes, ot scoriaj, of matter 
similar to the dross of iron and burnt earth, and 
of real Java; lastly, the ivbole mutters resemble 
those of which the soil of Portici is com[)osr(], 
and W'hich have issued from the sides of Vesuvius 

in so many different forms Hence 

we must necessarily conclude, that all this 
part of Italy has been overturned by volca- 
nos 

“ Lake Albano, whose margins arc inter- 
spersed with calcined mutters, is nothing but the 

mouth of an ancient volcano 'Mic chain 

of Italian volcanos extends as far as Sicily, and 
still exhibits a number of fires under dilierent. 
forms; in Tuscany, we have the cxhatalimis of 
Firenzuola, and the warm waters of Pisa ; in 
the Erclesiastic State, those of ViteriK’, of Nor- 
cia, of Noccra, See.; in the kingdom of Naples, 
those of Ischia, Solfutara, aiul Vesuvius; in 
Sicily and the islands adjacent to AClua, the vol- 
canos of Lipari, Strornboli, &c. 'I'hc other vol- 
canos of this chain have Im-cii extinct from time' 
immemorial, and have left sueli relics, as, though 
they do not alwavs strike us at i'u>t si'jthl, iail 



AND EARTIKJUAKES. i>Q 

jiot to be recognisable on an attentive exami- 
nation*.” 

“ It is very probable,” says M. I’Abbe Mc- 
cati, ** that, iii j)ast ages, the kingtloin of ^Naples, 
besides Vesuvius, was infested with several other 
volcanos.” 

“ Mount Ve suvius,” le P. do la Torre remarks, 
“ seems to be a portion detached from tjiat chain 
of mountains which, under tlie name, of Appon- 
nincs, divides ail Italy through its wliole length. 

'I’liis volcano is comjioscd of three dil- 

ferent mountains: one of them A'esnvius, prope rly 
.so called j the other two are Mounts Somma anil 
Otajano. The two last are situated toward the 
west, and form a kind of .semicircle round Vesu- 
vius, w’ith which they have a common base. 

“ This mountain was formerly surroundi'd with 
fertile fiehls, and itself covered with trees and 
verdure, except the sumuiit, which. was Hat and 
sterile, and where several open Caverns wi'rc to he 
S(;cn. I'hc: top was surrounded with roeks, 
which leiuleivd it of diltieiilt aeee-^-:. "J lie;.(? 
rocks were so high, that liny i onceah.l the 
valley between V'esiuius and Mounts Somma 
and Ot.ijauo. I'ii'* saniinil ol’ \ (‘suvius which 
lias since sunk considerahly, being lhe!i inncli 
niori! remarkable, it is not surprising that tin* 

ancients beiieved it liad only oni'lop 

“ The bn-adlb of the valley is I’nris 

feel, and its K ngtb. nearly the sauii? 


Vi)y 4 igo (-11 Itiilit, p;ir .M. cli- 1 1 ; 

Siinicos, anil. 17.57, p. 371 —37'!. 
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It invests one half of Vesuvius, and, like all the 
sides of the mountain, it is covered with burnt 
sand and small pumice stones. 'Ihe rocks on 
Mounts Somma and Otajano exhibit a few herbs, 
and the surface of these mountains is covered 
with trees and verdure. These rocks, at first 
sight, have the appearance fif burnt stones j but, 
on a closer examination, they are, like the rocks 
of other mountains, composed ' of strata of natural 
stones, of a chesniit-coloiired earth, of chalk, and 
of white stones, which have not the smallest ap- 
pearanceof having been litpiified by fire. . . . 

“ Round Vesuvius we see openings which have 
been made at ditTercnt times, and through which 
lavas had issued. These torrents of burning 
matter, which sometimes come liom the sides, 
and sometimes from the top of the mountain, de- 
scend into the plains, and sometimes run as far 
as the sea, ' and harden like a stone when the 
matter cools 

“ On the summit of Vesuvius thc.’re is only a 
small margin of four or five palms wide, wliich 
describes a circumference of S,6'2i Paris feet. 
Upon this margin we can walk pretty commodi- 
ously. The whole of it is covered with burnt 
sand, under wdiich we find stones partly natural 

and partly calcined In two elevations 

on this margin, we find beds of luatural .stones ar- 
ranged in the same manner as in other mountains ; 
which confutes the notion td' those wli<T regard 
Vesuvius as a nmnntain gradually raised above 
the plain of the valley 

“ The depth of the gulf where the matter boils 
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U about 543 feet j and the height of the moun- 
tain above the level of the sea is 1,677 feet, which 
is one third of an Italian mile. 

“ This lieight has been more considerable. The 
eruptions which have changed the external form 
of the mountain, ha^e likewise diminished its ele- 
vation ; for the parts they detached from the 
summit rolled into the gulf*.” 

From all these examples, if we consider the ex- 
ternal hgure of Sicily and other countries ravaged 
by fire, w'C shall evidently perceive that no volcano 
exists which is purely isolated or detached. The 
surface of these countries every where presents a 
succession, and sometimes groups of volcanos. 
I'his we Jiave already seen with regard to i£tna, 
and shall give a second example of it in Hecla. 
A great part of the island, like Sicily, is only a 
group of volcanos, which I shall prove by the 
following observations: 

The whole island ought to be regarded as a 
vast mountain interspersed with deep cavities, 
concealing in its bowels great quantities of mine- 
rals, vitrified and bitunnnous substances, and 
rising from the midst of the sea in tlm form of a 
short flattened cone. Its surface presents to the 
eye nothing but tops of mountains covered with 
snow and ice ; and lower down we have the pic- 
ture of confusion and ruin. It is an enormous 
mass of stones and fragments of rocks, which are 
sometimes porous un*d half calcined, and exhibit a 


* Hist.* (lu Mont Vosuve, par le P. dc la Torre ; Journal 
Etraugcr, Janvier, J756, p. 182 — 208, 
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hideous api)earance by their blackness and the 
marks of fire impressed upon them. I'lie fissures 
and hollows of rocks are filled with a red, and 
sometimes with a black or white sand : but, in 
the valleys between the mountains, we find 
agreeable plains *. 

Most of Joknts, which are mountains of a 
middle liriglit, and overtopped by others of a 
greater elevation, a;»: volcanos, that occasionally 
throw ont flames, and produce carl lupiakcs : of 
thcMc there arc no less tlian tvven*;.' in this island. 
7 'he iidiabilaiifs in the neighbourhood of these 
mounl.iiiis have learned, by exj)crience and ob- 
servation, that, wlien the ice and snow rise to a 
considerable height, and stop the mouths of these 
cavities, w hich f<)rmeily discharged flames, earth- 
quakes are alx)ut to ha])pcn, which arc always 
succeeded by eruptions of fire. It is for this rea- 
son that the Icelanders arc at present afraid lest 
the Jokuts, which, in the year 1728 , threw out 
flames in the canton of Skaftfield, should soon be 
again inflamed ; the ice and snow being accumu- 
lated on their summits, and appearing tool)strnrt 
those vents which favoured the exhalations of the 
subterraneous fires. 

In 1721, the Jokut called Koetlogan, about 
five or six leagues to the west of the sea, near the 
bay of Portland, broke out into flames, after se- 
veral suceussions of the earth. This conflagration 
melted masses of ice of an enormous thickness, 
and gave rise to impetuous torrents, which dc- 


* Introd. a I’llUtdu Dancmark. 
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luged the country, and carried down to the sea 
prodigious quantities of earth, sand, and stones. 
The solid masses of ice, and the imluense quan> 
tity of earth, stoqes, and sand, transported by the 
inundation, so loaded the sea, that, at half a mile 
from the coast, a small mountain was Ibrrhed, 
which still appeared above the sea in the year 
1750. We may. form some idea of tlife quantity 
of matter carried down to the sea by this inunda- 
tion, when we consider that it was obliged to re- 
treat twelve miles beyond its former limits. 

The inundation continued three days; and it 
was not till after this jieriod that a i)erson could 
pass on foot to the mountains 

Hecla, which has always been regarded as one 
of the most famous volcanos in the universe, on 
account of its tremendous eruptions, is now one 
of the least dangerous in the island. Mounts 
KotHlegan and Krafle have recently made as 
great ravages as I lecla did of old. It has been 
remarked, that this last volcano has thrown out 
flumes fen times only in the space of 800 years, 
namely, in the ^ears lioi, 1157, 11192, 1300, 
1341, 1.302, 1.389, 1.W8, 1036, and, lastly, in the 
year 1093. This eruption commenced on the 
13lh of February, and continued to the month of 
August following. All tiu; otiicr eruptions lasted 
a few months only. From (he above dates it ap- 
pears, that 1 lecla made its greatest ravages in 
(he fourteenth century, iiaving undergone no less 
(lian liMir eruptions; that it remained perfectly 
f i<>:iqui!> during the fifteenth century ; and that it 
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threw out no fire for 160 years. From this period, 
there was one eruption only in the sixteenth, and 
two in the seventeenth century. We now per- 
ceive in this volcano neither fire, nor smoke, nor 
exhalations of any kind. We only find, in some 
small hollows, as is commonjn many other parts 
of the island, boiling water, stones, sand, and 
ashes. 

In 1726, after a few succusisions of the earth, 
which were felt only in the northern cantons. 
Mount Krafie began to throw out, with a dread- 
ful noise, smoke, flames, ashes, and stones. This 
eruption continued two or three years, without 
doing any damage ; because the whole rejected 
matter fell back upon the mountain, or round 
its base. 

In 1728, the fire communicated with some 
mountains situated near Krafle, which burnt 
during several weeks. When the minerals they 
contained were melted, a river of fire ran gently 
toward the south into the country below these 
mountains. This river threw itself into a lake 
about three leagues from Blount Krafle, and, 
by the shock of the water, pioduccil a horrible 
noise, and clouds of vapours. The running of 
the lava did not cease till 1729 , when the luat- 
tpr vvhich formed it was probably exiiau.sted. 
The lake was filled with an immense (piantity 
of .calcined stones, which raised its water consi- 
derably. It is about twenty leagues in circum- 
ference, and situated at an ecjual distance from 
the sea. We shall not take notice of the other 
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volcanos in this island; it is sufficient that we 
have mentioned the mbst considerable of them 

From this description we perceive that' the 
'Jokuts of Hecla greatly resemble the secondary 
volcanos of iFtna: that, in both, the highest 
summit is' tranquil ; that the summit of Vesuvius 
is much sunk; and4hat probably those of ^tna 
and Hecla were formerly higher than tliey are- 
at present. 

I'hongh the topography of volcanos in other 
parts of the world is not so well known as that 
of tiiose in Europe, we may, nevcrtbeless, pre- 
sume, from analogy, and the similarity of their 
effects, that they resemble each other in every 
respect. They are all situated in islands, or 
upon the coasts of continents. Almost the whole 
of them are surrounded with secondary vol- 
canos. Some of them are active, and others 
extinguished or (j[uiet. The number of the lat- 
ter is greater, even in the Cordeliers, which ap- 
pear to be the most ancient domain of volcanos. 
In the south of Asia, the islands of Sonde, the 
Molucca.s, and Philippines, hear evident marks 
of destruction by fire, and are still infested with 
volcanos. J'hoy are likewise very frequent in 
the island of Japan: this coimtr}' is also more 
subject to earthquakes than any other part of 
the globe. In many places of Japan there are 
hot fountains. Most of the Indian islands, aiul 
all the seas of the^je eastern regions, present to 
our eyes nothing but peaks and detached sutn- 


* Hist. Geu. des Voyages, tom. xviii. j*. 9 - - II- 
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mits, which vomit out fire, and deep indented 
coasts, the relics of ancient continents which 
are now no more. Here the mariner often 
meets with ports which daily sink^ and even 
whole islands liave been known to disappear, 
and to be swallowed up, u ith their x'olcano.s, 
by the waters. The seas in China are warm, 
which is a proof that tlicrc is a great eft’er- 
vescenco in tlie maritime basi'is of this region. 
The hnri'icaties are tremendous, and vvatcr 
spouts are frequent. The tempests are always 
j>recedcd by general and pcrcej)tible boilings of 
the waters, and by various meteors and other 
exhalations, with wliicli the atmosphere is 
loaded. 

The volcano of TeneriiTe has been explored 
by Dr. T hoinas Heberdon, who resided seveml 
years in the villaije of Oratava, wliicli is situated 
at the foot of tlie Peak. In his way, he found 
larjc stones disposed on all sides at several 
leagues from the top of the mountain. Some of 
them appeared to be entire, and others seemed 
to have been burnt, and thrown to this dis- 
tance by the voleaiio. In ascending the inoiiii- 
tain, he still saw burnt rocks scattered about in 
large masses. 

“ We arrived,” Dr. Ilcbcrden remarks, “ at 
the famous grotto of Zegds, wliich is surrounded 
on all sides witli enormous masses of burnt 

I 

rocks 

“ A quarter of a league high(,'r, wc met with 
a sandy plain, in tbe middle of wliieh there is 
a pyramid of sand or yellowish ashes, ’ called 
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the Sugar Ixxaf. Round its base, fuliginous 
vapiours [)crpetually arise. From thence to the 
summit, the distance might be half a quarter of 
a league. But the ascent is too diflicult on 
account of its steepness and tlic bad A>oting. . . . 

However, we reached wliat is calU?d the 
Cauldron, which is twelve or fifteen feet deep. 
Its sides taper to the bottom, and form a cavity, 

which resembles’ la reversed cone Hci\5 

the ground is very warm ; and, from about 
twenty tubes or chimneys, a thick sulphureous 
vapour arises. Tlio whole ground seems to be 
mixed witli sulphur, which gives the surface 
a brilliant appearance 

“ Upon almost all the stones in the neigh- 
bourhood, we pc'rccive a greenish colour, in- 
termixed with yellow, like gold. A small part 
of this sugar loaf is as white as chalk, and an- 
other part, still lower, resembles red clay co- 
vered vvitli salt. . . . 

“ In tlie middle of another rock we discovered 
a bole, which exceeiled not two iijcln.-s in dia- 
meter, from whence [iroceoded a n.iise similar 
to that of a considerable quantity of v, ater boil- 
ing over a great fire 

'J'lie Azores, the Canaries, the islands of Cape 
Vord, Ascension Island, and Ihi.- .'Vntilles, which 
ap])ear to he the relics of ancient continents 
rhat united the Old Continent witli America, 
oiler nothing to ouy observation but burnt lands, 
or lands which still e.oulinuo to bum. The vob 


* Observations on thv Peak of TeueritlJs by Dr. Hfberdei;. 
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Canos formerly sunk under the waters witly thu 
countries which supported them, excite such 
terrible tempests, that, in one of these storms, 
which happened at the Azores, the suet fixed to 
the end of the plumb-line melted by the heat at 
the bottom of the sea. 

In Asia, and particularly in the islands of the 
Indian Ocean, volcanos arc numerous. One of 
(he most famous is Mount Alhoiirs, near Mount 
Taurus, about eight leagues from Herat. The 
top of this mountain sends forth a perpetual 
smoke ; and it frequently throws out (lames and 
burning matter in sueh quantities as to cover all 
the adjacent plains with ashes. In the island of 
Ternate, there is a volcano which discharges mat* 
ter similar to pumice stones. Some voyagers 
allege, that this volcano is most furious during 
the equinoxes, because these periods are attended 
with certain . winds which increase the inllam* 
mation of those fires that have continued to 
burn for ages *. The island of Ternate is not 
above seven leagues round, and is only the top of 
a large mountain. The land rises from the coast 
to the middle of the island, w'here the volcano 
mounts to a height so great, that it is difticult to 
climb to its top. Several rills of sweet water de- 
scend from the sides of the mountain ; and, when 
the air is calm, and the weather fine, this burn- 
ing gulf is less agitated than during storms and 
high winds f . This is a confirmation of what 

* See Voyage.s rrArgensola, tom. i. p. 21. 

-f- See Voyage de Schoiitan, 
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I formerly remarked, and scorns to prove, that 
the fire of volcanos proceeds not from a great 
depth, but from the top or higher parts of the 
mountain; for, if it were otherwise, high winds 
could not increase the violence of the flames. 

I'licre are other volcanos in the Molucca 
islands. In one of tIfSe islands of Mauritius, about 
S(*vonty leagues from the Moluccas, there is a 
volcano, tlie efl’cets of which are equally violent 
as those of the mountain at Teniate. The island 
ofSorca, one of the Moluccas, was formerly in- 
habited. In iIk* middle of this island there is a 
v(*ry high moimlaiiu with a volcano at its sum- 
mit. In Iflfl'J, this v«)lcano discharged an im- 
niense quantity of bitumen and inflamed matter, 
whicli, after forming a burning lake, gradually 
extended till it covered the whole island^. 

Tlierc are several volcanos in Japan, and the 
adjacent islands, which send out flames in the 
night, and smoke in the day. In tlie Philippine 
islands, there are likewise several burning inoun' 
tains. ^Jne of the most reinaikahle, and, at the 
same time, the most recent volcano in tlie Indian 
islands, is that near the town of Penarucan in 
the islaiul of Java. It commenced in the year 
1 . 086 , and, at the first eruption, it threw out 
immense (piantitics of sulphur, liitumcn, and 
stones. The .same 3’^ear, Mount Gounapi, in 
the island of Banda, whicli had been a volcano 
about scvcntetMi years only, opened and ejected, 
with a dreadful noise, rocks, and matter of every 


See Phil, Trans, abri<]g. vol. ii. p. SWi. 
VOL. II. K 
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kind. TJicre are still other volcanos in India, as 
in Sumatra, and in the north of Asia, beyond the 
river Jenisca, and the river Pcsida ; but tlie two 
lust arc little known. 

Near Fez in Africa, there is a mountain, or 
ratlicr a cavern, called Bcni-guazeval, which con- 
stantly tlirows out smoke, &nd sometimes flame. 
One of the Cape de Vcr<I islands, called tlie island 
of Fuogo, is nothing but a huge mountain, which 
burns incessantly. This volcano throws out 
stones and ashes; and the Portuguese, who often 
attempted to inhabit the island, have always 
abandoned the project, on account of the vol- 
cano. The Peak of TencrilVe, which is reckoned 
one of the highest mountains in the world, throws 
out fire, ashes, and large stones From the top 
of it, rivulets of melted sulphur run down the 
south side across the snows. This sulphur soon 
condenses, and forms veins in the snow, which are 
distinguishable at great distances. 

America, and particularly the mountains of 
Mexico and Pern, are much infested with vol- 
canos : that of Arequipa is one of the most cele- 
brated : it often produces great earthquakes', 
which are more frequent in Peru than in any 
country of the world. Next to Arequipa, the 
volcanos of Carrappa and Afalahallo are, accord- 
iijg to the relation of travellers, the most cou- 
sidet^ble. But there are many others in tin 
New World of which we have no knowledge. M . 
Bou;., iier, in his voyage to Peru, published in the 
Memoirs of the Academy for the year 
mentions two volcanos, the one nailed Cotopaxi, 
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and the other Piehincha, The first is at some 
distance from, and the other very near, the town 
of Quito. In the year 1742, he saw an eruption 
of Cotopaxi, which, at that time, burst open a 
new inouti) in tlie mountain. It did no other da- 
mage ilian that of melting the snow, and pro- 
ducing sucli torrents, as, in three hours, laid 
the wliule countiy, to the extent of eighteen 
leagues, under water, and overturned every thing 
ill their course. 

Pojioehampcche and Popocatapec are the 
chief volcanos in Mexico. It was near this last 
that Cortes passed in his waj'’ to the city of 
Mexico : some of the Spaniards ascended to the 
top of the mountuin, where they found the crater 
to he about half a league in circumference. 
Sulphureous mountains have also been found in 
Guadaloupc, 'lercera, and in others of the Azote 
islands; and, if ail the mountains from which 
■smoke or ihunes issue were to be considered as 
volcanos, their number would exceed si.xty. Wc 
have only mentioned those which are so formi- 
dable, as, by their fre<iuent eruptions, to prevent 
people from living near them. 

Tlie numerous volcanos in the Cordeliers, as 
I formerly remarked, produce almost perpetual 
earthquakes, which prevent the inhabitants from 
building with stone any higher than the first 
floor; and the upper parts of their houses, for 
the same reason, are •constructed with rushes or 
very light \voo<l. In these mountains there are 
also many precipipes and large gulfs, the w'alls of 
which are black and burnt ; they are similar to 
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tbeprecipiceof Mount Ararat in Ariiu*i)ia, called 
the Al>yss, and are tire craters of extinguished 
Volcanos. 

A lute earthfjiiiike at Limn iias nltmtlrd with 
the most dread fill clYects. The town of Limn, 
and the port of Callao, were almost entirely swal- 
lowed up. But the inisclilhf was still more ter- 
rible at Callao. The sea rose and covered every 
house in that unfortunate town, and drowned 
the whole inhabitants, leaving only a single 
tower as a monument of its devastations. Of 
twenty-live vessels vvhieh lay in the harbour, four 
were driven a league upon land, and the rest 
were swallowed up by the waves. Of l..ima, 
which was a very large city, oidy twenty-seven 
houses remained standing. Multitudes ofi)cople 
perished j and tlie disaster was particularly fatal 
to the monks and other religious, because their 
buildings were lofty ami of more solid materials 
than the common houses. This calamity hap- 
pened in the month of October, 1746, during the 
night; and the succu.ssion lasted fifteen minutes. 

Near the port of Pisca, in Peru, there was 
formerly a famous citv, situated on the sea- 
coast; but, on the lytli of October, 168‘2, it 
was almost entirely destroyed by an earthquake; 
fdr'the sea, having exceeded its usual limits, 
sweeped away this unfortnnute city, with all its 
inhabitants. 

By consulting historians and travellers, we 
shall find many accounts of earthquakes aud 
eruptions of volcanos, ecpially dreadful and de- 
structive as those w'e have mentioned. Posi- 
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tionius, quoted !)y Strabo *, relates, that a city 
of Phoenicia, near Sidon, was swallowed in> 
by an earthquake, with tlie ncighl>ouring ter- 
ritory, and two thirds of Sidon "itself; that this 
ellect was not produced so sud<lculy as l(» pre- 
vent the inhabitants from escaping by tlight; 
that it .''xtcndcil over most of Svria, and as far 
as lljc Cyclades islands and Kul-iea, where the 
fountains of Arethhsa »u<ldei,ly stopped, and ap- 
peannl a lew ilays aftcrwai<l.s b}' new sources, at 
a considerable distance from the old ; and that 
the earthtpiake continued to shake the island, 
sometimes in one plae<-, and sometimes in ano- 
ther, till the earth opened in the valley of Le- 
panta, and discharged a great quantity of burn- 
ing matter. Pliny informs us f , that, in the 
reign of Tiberius, twelve cities in Asia were 
overturned; and he mentions J, in the following 
terms, a prodigy occasioned by a violent earth- 
quake. “ Factum est semcl (cjiiod e(|iiidcni in 
Ktrusea' disciplina* voluminibus inveni) ingens 
terrannu portenlum, JAicio Marco, Seix. Julio 
Coss. in agro Mutinensi. Nanique montes thio 
intiT se concurrerunt, crepitu maxiino udsul- 
tantes rccedenteMpu*, intor cos tlamina, linnoiiue 
in ctelmn exi-unte- interdiu, speclantc ci via .Emi- 
lia magna e((nitum Ilomanormn familiarumque 
et vlatorum multiUidine. Eo cinicursu villa* 
oinnes elisa*, animalia permulta, qua* intra fue- 
runt, exaniinata simiI,” i\c. St. Augustin te!l:> 


* r.ih, i. 
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US *, that, in Lybia, 100 towns were destroyed 
by an earthquake. In the time of 'IVajan, the 
earth opened and devoured the city of Antioch, 
and a great part of the adjacent country. It 
was again destroyed by the same cause during 
the reign of Justinian, in the year and 40,000 
of its inhabitants pcri?ljod. "It was vi.sited witli 
a tliird earthquake in the days of St. Gregory, 
sixty years after the fornuM*, u iiich destroyed no 
less than 60,000 of its inhabitants. In the reign 
of Saladin, anno 1182, most of tlie cities of Syria 
and of Judaia were laid waste by the .same ca- 
lamity. Farthquake.s have been more frequent 
in Apulia and Calabria than in any otlicr part of 
Europe. In the time of Pope Pius II. all the 
churches and palaces of Naples were thrown 
down, and about 30,000 lives w'erc lost: those 
who escaped were obliged to live in tents till 
houses were built for them. In 1629, 7,000 per- 
sons perished in Apulia by earthquakes; and, 
in 1638, the city of Saint Euj)hcmia was swal- 
lowed up, and left behind it nothing but a stink- 
ing lake : at the same time, Ragusa and Smyrna 
were almost totally destroyed. In 1692, an 
earthquake was felt in Britain, Holland, Flanders, 
Germany, and France: it was most severe along 
the coasts of the sea, and near great rivers. It 
agitated at least 2,600 square league s, tbougii 
it lasted but tw'o minutes. The commotion 
was greater in the mountains than in the val- 


* Lib. ii. dtt Miracults, r. .S 
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leys*. Oil the 10th of July, 1688, there was 
an earthquake at Smyrna, which began with a 
motion from west to east. The castle was first 
overturned; its four walls separated from each 
other, and sunk six feet in the sea. Tliis castle 
stood formerly on an isthmus, which is now a 
real island, about 1(W> paces from the land. Th(? 
east and west walls fell ; but the north and south 
walls still remain. The city, which is near ten 
miles from the castle, was overthrown soon al'ter. 
'The earth opened in manj' places, attended ivith 
-ubterrancous noises; and live or six dreadful 
shocks were felt before the approach of night, the 
last of u Inch lasted about half a minuti'. The 
'hips in the roads were grcatlj' agitated ; the 
ground on which the town slo(«d sunk two feet ; 
■'ind not above a Iburth of the hon.scs withstood 
the concussion, and those M<-rc mostly founded 
on rock. From fifteen to twenty thousand lives 
wen? bist-f. In l(il).5, an earthquake was felt at 
Bologna in Italy; and it was rcniarl;e<l, as a sin- 
gular pluenonienon, that the a was much trou- 
bled the day preci'dingj. 

“ On the 4th of May, 161 i, a terrible cartli- 
4]uake happened atTercera, which, beside private 
houses, ovi’rturiied eleven cburclu's and nine 
tdia|)els in the city of Angra ; and the city of 
Fraya was so inncli sliak<-n, that liardly a Iioum' 
was left standing: and, on the l.itli of June, 
16*28, the island of Jit. Micbaid was visited with 

^ Se** K-iy’-* p. 

I Sef rn'iMt. ilfJ’Acml. de.s Sriont t^s, iinii. IfiS''. 

» Ibid. ami. Mi'.iOi. 
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a great earthquake. Near thi.s island, in the 
open sea, there arose a new island in a place 
where the water waS; 150 fathoms deep. This 
island was more than a league and a half long, 
and aboye six fathoms high 

“ In the island of St. Michael, another earth- 
quake began on the Q6th of'JuIy, iGyl, and con- 
tinued to the 12th of the following month. Ter- 
cera and Fayal were shaken next <lay with such 
violence, that they .seemed to turn about. Tlieso 
concii-ssions, however, were repeated there only 
four times: b»it, at St. Michael, they coast d not 
a moment during the space of eleven days. I’he 
islanders abandoned their houses, which every 
where tumbled down bid'ore their eyes, and re- 
mained the whole time in the open lield.s, e.K- 
posedtothc injuries of the weather. Tlie whole 
town of Villa Franca was overturned to the foun- 
dation, and most of the inhabitants were burit'il 
under its ruins. In several places, the plains 
were elevated into hills, ami, in others, the hills 
sunk down into valley.s. A fountain of fresh 
water issued from the ground, and ran for Ibiu 
days, and then slopped all of a sudden. 'I'lie air 
and the sea w'lre in such commotion, that they 
made a noise resembling the bellowings of lit ro- 
cious animals. Many people died of fear, 'rhero 
was not a vessel in the harbours which was not 
agitated in a dangerous manner; and those* 
wliich lay at anchor, or were under sail, at the 
dislanco of twenty leagues, were still more r->.: 





AND EARTHQUAKES. 


57 


verely tossed. Earthquakes are very frequent in 
the Azores: twenty years before tiie pc ’iod men- 
tioned, a mountain in St. Michael was overturned 
by a dreadful eartlupiake *. 

“In the month of September, 10*27, earth- 
quake levelled one of the two mountains of Ma- 
nilla, called Carvalos, in the province of Caga- 
s'on. Ill a third part of the city was de- 

stroyed by a similar accident, and OOO persons 
peri.shed in the ruins. The lollowiiig year it was 
visited by another; and tlie old Indians tell us, 
that carJlmualccs are iiov/ less destiuctivc than 
Ibrinerly ; iiut tijty rtdl build tin ir houses of 
wood, in whicli they a-'c imitated by the Spa- 
niards. 

I'he numlier of volcanos in this island con- 
lirms the above relation ; for, at certain intervals, 
they vomit forth Haines, shake the earth, and 
produce all the ell'ccts ascriia-d l.>y Pliny to the 
eruptions of Vesuvius, .such as changing the beds 
of rivers, making the neighbouring parts of the 
sea retreat, covtaiiig the (daces adjacent with 
ashes, (irojecting .stones to great disi ant es, and 
piaking reports louder than those ol cannems -j".” 

“In Itiit), an earthquake s(dit a mountain in 
the islainl ol Machian, and llie exiilosion made a 
h’ighllul noi>t-. I'rom the cleft issued such a 
quantity ' f flames as consumed several plunla- 
lions with their inhabitants. This jirodigious 
ajierlnre was to he .sfcen in the year 1G8.3, and it 


•t Con. Ili.ii*. of Voyages, vol. i. 325- 
; See Voyage «le (k'liielli Careri, p. 12'?. 
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probably remains to this day. It was called the 
Wheel-track of Machian, because it ran from the 
top to the bottom of the mountain, and, at a dis- 
tance, had the appearance of a high road *.’* 

The ftistorj’ of the French Academy mentions, 
in the following terms, the earthquakes wJiich 
happened in Italy during the yeare 1702 and 
1 703. “ They began in October, 1 702, and 

continued till July, 1703. Tli'e city of Norcia, 
with its dependencies in the Ecclesiastical State, 
and the province of Abrnzzo, suffered most j an<l 
the earthquakes were first felt in those places 
which arc situated at the foot of the Appeimincs, 
on the south side. 

They were frc<]ucntly accompanied <vith 
frightful noises in tlie air, and these noises were 
sometimes heard when the earth was at rest, and 
the sky serene. The most violent concussion 
was on the 2d of February, 1703 ; and it was at- 
tended, especially at Kome, with a remarkable 
clear sky, and a great calmness in the air. At 
Rome it lasted half a minute, and at Acpnla, the 
capital of Abruzzo, three hours. Beside ra- 
vaging the neighbouring country, it destroyed 
the whole town of Aqii'ki, and buried .5,000 per- 
sons under its ruins. 

The concussions, or vibrations, of the earth, 
a? was discovered by the motion of the lamps in 
the churches, were nearly from south to north. 

“ The earth openetl in nvo place.s, and dis- 
charged, w'ith violence, great quantities of stones, 

*' Sfe rifist. tie la Oonquefe dcs Moluqiies, tom. iii. p. 318 - 
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which covered a whole field, and rendered it 
barren. After the stones, these apertures threw 
up water above the elevation of the highest trees. 
This discharge cfcntinned a quarter of an hour, 
and laid the neighbouring country underwater. 
The water was v/hitish, like .soap-suds, and had 
no particular taste. 

“ On the top of a mountain near Sigillo, a 
vill.age about twenty-two miles from Aquila, 
there was a considerable plain, surrounded with 
rocks like a wall. The earthquake of the Qd oi‘ 
February converted this plain into a large un- 
equal gulf, its greatc.st diameter being twenty- 
live fathoms, and its least twenty. This gulf has 
been sounded with ropes of 300 fathoms, without 
reaching the bottom. At the time that the 
gulf was formed, flames were observed to issue 
out of the mountain, and afterwards a thick 
smoke, which coutiuued, with some interruption, 
for three days. 

" At C»enoa, they hud two slight concussions 
on the 1st and 2(1 days of .July, 1703, the last of 
which was only felt by the people on the Mole. 
The sea, at the same lime, sunk six feet in the 
port, and continued in this situation a quarter of 
an hour. 

“ The sulpiturcuus water on the road between 
Home and 'l ivoli sunk two feet and a half, both 
in the basin and in the canal. The springs and 
rills of water, which * rendered many places ol 
the plaiiu called I'estine marshy, were entirely 
dried up., 'rije depth of the water in the lak(^ 
called I’Kufi'r was diminished three feet In 
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place of the oltl springs, new ones, about a mile 
distant, appeared : they are probably the same 
watery the courses of which have been changed 
by the concussion of the earth 

Thcl^ame earthquake, which, in 1538 , formed 
the Monti de Cinere, near Puzzoli, tilled the Lu- 
crine Lake with stones, earth, and ashes, and con- 
verted it into a marsh f . 

“ Earthquakes, also,” says Mr. Shaw, “ have 
sometimes been felt at sea. In the year 
when I wa.* ** aboard the Gazella, an Algerine 
cruiser of fifty guns, bound to Bona to relieve 
the garrison, wc felt throe prodigious sliocks, one 
after another, as if a weight, at each time, of 
twenty or thirty ton, hud fallen from a great 
height upon the ballast. This happened when 
we were five leagues to the southward of the 
Seven Capes, and could not reach ground with a 
line of 200 fathoms. The captain told me, that, 
a few years before, when he was upon a ernise, 
be felt a much greater one, at the distance of 
forty leagues to the w'estward of the rock of 
Lisbon J.” 

Sclioutcn, speaking of an carlliquakc wbieb 
liappened in the Moluccas, say.s, “ that the moun- 
tains were shaken, and that the vessels at anchor 
in thirty or forty fathom water were shocked, as 
if they had run ashore, or struck against rocks. 
AVc learn,” continues he, “ from daily experi- 
ence, that the same happens in the ocean, wliere 


* Sec rilist. de I' Acad, des Sciences, anii. not. 

+ See Ray's Dbcourses, p. 12 . J Shaw’s Travels, [». lii I. 
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no bottom can be found ; and that earthquakes 
agitate vessels, even when the sea is perfectly 
calm *.’* 

Gentil, in his voyage round the world, has the 
following remarks upon earthquakes : 

“ 1 . That half an hour before the earth begins 
to shake, all animali; appear to be seized with a 
panic. The horses neigh, break their halters, 
and run out of tl{e stable ; the dogs bark ; the 
bird', as if stupid, fly for shelter into the 
hoiiscK ; the rats and mice come out of their 
holes, &c. 

‘ 2. That ships at anchor are s«> violi'ntly 
agitated, that all the parts of’ uhich they are 
comi>osed seem to be torn asunder ; their gnus 
break loose, and their masts spring : these fact? 
I should hardly have credited, if tiny had not 
been confirined to rue hy the unanimous testi- 
mony of inaiy witnesses. I know that the bot- 
tom of the sea is a eonlinuiition of the land ; and 
that agitations of the one must be connminieated 
to the other ; but I could not comprehend how 
the dilVerent parts of a vessi.“I, .■swimming in a 
lliiid, .should be atfccted in the same manner as 
if she had been resting on the ground. Her mo- 
tion, I imagined, shouhl have only resembled 
that jjroduced by a storm; beside.?, in the present 
in.stance, the surface of the .sea uas smooth, and 
the whole agitation must have proceeded from 
some internal cau.se, bocau.se, at the time of tin 
i^arthqiiake, there was no wind 

■* vol. vi. p J03 
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“ 3. lliat if the cavern of the earth, vvhicii 
contains the subterraneous fire, runs from north 
to south, and if the buildings of a town above it 
lie in the same direction, ttie whole houses are 
overturned j but, if the vein or cavern runs across 
the town, the damage produced by the earth- 
quake is less considerable*.” 

When a new volcano breaks out in countries 
subject to eartiiquakes, they almost entirely cease, 
and s^re seldom felt, except during great erup- 
tions, as has been observed with regard to the 
island of St. Christopher f. 

The enormous ravages produced by earth- 
quakes have induced some naturalists to imagine, 
that mountains, and all the other irregularities 
on the surface of the globe, have derived their 
origin from succussions of the earth occ:isioncd 
by the action of subterraneous fires. This, for 
instance, is the opinion of Mr. Ray. He believes 
that all the mountains have been formed by 
earthquakes, or by the explosions of volcanos, 
in the same manner as Monti de Cincre in Italy, 
the new island m.-ar Santorini, &c. But he has 
not considered that the small elevations formed 
by earthquakes, or by the eruptions of volcanos, 
are not, like all other mountains, composed of 
horizontal strata; for, by digging intoi the Monti 
dc Cinere, wc find calcined stones, ashes, burnt 
earth, iron dross, pumice stones, all blended 
together like a heap of rubbish. Besides, if earth- 


^ See Voyage de M. le Cicntil, tom. i. p. 17 / 
\ See Phil. 'IVdiis. abri<lg. yol. ii. p. 1 ^ 92 . 
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quakes and subterraneous fires bad raised tlie 
great mountains of the earth, as the Cordeliers, 
Mount Taurus, the Alps, &c., the prodigious 
force requisite to elevate these enormous masses 
would, at the same time, have destroyed a great 
part of the surface of the globe. Karthquakes 
sudicient to productf such ellects must have been 
inconceivably violent, since the greatest of them 
recorded in histony have not been able to pro- 
duce a single mountain. In the reign of \^ilen- 
tinian I., for instance, an earthquake was felt 
over the whole known world and yet it raised 
not a single mountain. 

It is capable of demonstration, however, that 
though an earthquake should have a force sufli- 
cient to raise the highest mountains, this force 
would not be able to displace the rest of the 
globe. 

For, K't it be Mipjioscit, that the chain of high 
mountains which traverses South America from 
the point of 'ferra Magcllanica to New (rranada 
and the gulf of Darien, had been suddenly ele- 
vated by an earthquake, and then let us esti- 
mate the eflcct of this explosion. 'I'iiis chain ol 
mountains is about 1,700 leagues long, and, .'iL 
a medium, forty leagues broad, iiieluding tlu: 
Sierres, which are lower than the Andes. This 
gives a surface of ()S,()00 sijuare h;agiies. I'lie 
tliickncss of the matter disphux'd b^ t!:c earth- 
quake 1 suppose to ,be one league; or, that the 


Amiiiian. MarcolDii iib. x.Kvi. c. 1 
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moat) height of tlic mountains from their summits 
to the caverns, which, agreeable to this hypo- 
thesis, must support them, is one league. The 
force of the explosion, therefore, must have clc- 
vatetl, to the height of a league, a quantity ot 
earth equal to 68,000 cubic leagues. But, ac- 
tion and reaction being e«|ual, this explosion 
must have communicated an equal quantity of 
motion to the whole globe. I Now, the whole 
globe consists of 1*2,310,523,801 cubic leagues, 
from this number take 08,000, and there re- 
mains 12,.310,45.'3,80l cubic leagues, of which 
the rpiantity of motion would be equal to that of 
68,000 elevated one league. Hence it appears, 
that the force necessary to raise 68,000 cubic 
leagues would not be sulTicicnt to displace the 
whole globe a single inch. 

There is no absolute impossibility, thcrchav, 
in the supposition, that the mountains have been 
raised by eartlupiakcs, were it not evident, both 
from their internal structure and their external 
figure, that they have been formeil by the ope- 
ration ot the waters of the ocean. Their inte- 
rior parts are composed of parallel strata, inter- 
spersed with sea .‘shells; and their external 6gure 
consists of angles every where corresponding. Is 
it crediblc-that this uniform structnrt*, and regu- 
lar figure, could have been produccil by sudden 
and dcsnltorv suecussions of the earth ? 

But, as this notion has, been embraced by 
some philosophers, and as the nature and effects 
of caithquake.c are not well understood*, I shall 
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hazard a few ideas, which may, perhaps, throw 
‘ some light upon this intricate subject. 

. The surface of tlie earth has undergone many 
changes. At considerable depths, we find holes, 
caverns, subterraneous rivulets, and voids, which 
sometimes communicate with each other by 
means of chinks and fissures. There are two 
species of caverns! the first are those which 
have been formed by volcanos and the action 
of subterraneous fires. The action of subterra-, 
neous fire elevates, shakes, and throws off to a 
distance the superincumbent materials; at the 
same time, it si>lits and deranges those on each 
side of it, and thus produces caverns, grottos, 
and irregular hollows. But such eflects are 
only exhibited in tlie neighbourhood of volcanos, 
and arc not so frequent as the other ^ecies of 
caverns, which are produced by the operation of 
water. It lias already been remarked, that the 
dillerent strata of the earth are all interrupted by 
perpendicular fissures, the origin of which shall 
be afterwards explained. Tiie waters which fall 
iijjon the surface descend through those fissures, 
collect when their progress is prevented by a 
stratum of clay, and form springs and rivulets. 
From the nature of water, it searches for cavities 
or small vacuities, and has a constant tendency 
to force a passage, till it finds a proper vent. 
Wherever it goes, it carries along with it sand, 
gravel, and otiier bodies which it is capable of 
dividing or dissolving. In this manner, the ope- 
ration of Vater proceeds till it forms subterra- 
neous passages ; an'd then it breaks out in the 

VOL. II. F 
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form of fountains, either on the surface of the 
earth, or in the bottom of the sea. The mate- 
rials it perpetually carries off leave hollows or ca- 
verns in the bowels of the earth, which are often 
of great extent j and these caverns have a very 
dilVerent origin from those produced by volcanos 
or earthquakes. 

Earthquakes are of two kinds : those occa- 
sioned by the action of subfisrraneoMs fires, and 
by the explosions of volcanos, are only felt at 
small distances, previous to, or during the time 
of eruptions. When the inflammable matters 
in the bowels of the earth begin to ferment and 
to burn, the fire makes an efibrt to esca[>e in 
every direction ; and if it finds no natural vents, 
it forces a passage, by elevating and throwing off 
the incumbent earth. In this manner volcanos 
commence, and their effects continue in propor- 
tion to the quantity of inflammable matter they 
contain. When the quantity of inflamed matter 
is inconsiderable, it produces only an earthqinike, 
and exhibits no marks of a volcano : the air ge- 
nerated by subterraneous fire may also escape 
through small fissures; and, in this case, like- 
wise, it will be attended with a succussion of the 
earth ; but no volcano will appear. But when 
the quantity of inflamed matter is great, and 
when it is confined on all sides by solid and com- 
pact bodies, an earthquake and a volcano arc 
the necessary consequences. All these commo- 
tions, however, constitute only the first species 
of earthquakes, which arc not felt but in the 
neiglibourhuod of the planes where they happen. 
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A violent eruption of i£tna, for example, will 
shake all the island of Sicily ; but it will never 
extend to the distance of 300 or 400 leagues. 
When Vesuvius bursts open a new mouth, it ex- 
cites an earthquake in Naples and in the neigh- 
bourhood of the volcano ; but these earthquakes 
never shake the Alps, nor do they extend to 
France, or other countries distant from Vesuvius. 
Thus earthquakes, produced by volcanos, are 
limited to a small place; they are nothing but 
effects of the reaction of the fire, and they shake 
the earth in the same manner as the explosion of 
a powder-magazine occasions an agitation to the 
flistance of several leagues. 

But there is another species of earthquakes, 
which are very different in their effects, and per- 
haps also in their cause. These eartliquakes 
are felt at great distances, and shake a long tract 
of ground without the intervention either of a 
new volcano, or of eruptions in those which al- 
ready exist. There are instances of earthquakes 
which liuve been felt at the .same time in Britain, 
in France, in Germanj'^, and in Ilungaiy. These 
earthquakes always irxtend more in length than 
in breadth. They shake a zone or belt of earth 
with greater or less violence in different places; 
and they are generally accompanied with a hol- 
low noise, like that of a heavy carriage rolling 
with rapidity. 

As to the causes of this species of earthquake, 
it must be remarked, that the explosion of all 
inflammable substances, like that of gunpowder, 
generates a great quantity of air ; that this air, 

F 2 
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is higlily rarefied by heat ; and that its effects, 
from the compression it receives by being con- 
fined in the bowels of the earth, must be exceed- 
ingly violent. Let us suppose, that, at the depth 
of 100 or 200 fathoms, there is a vast collec- 
tion of pyrites and sulphureous bodies, and that 
they are inffutned by the fermentation pro- 
duced by the admission of water to them, or by 
other causes. "NVliat must be 'the effect? In the 
first place, these substances are not ))]aced in 
horizontal beds, like the ancient strata, which 
were formed by the sediments of the waters. 
They are lodged, on the contrary, in the 
perpendicular fissures, in subterraneous caverns, 
and other places, to which the w'ater has ac- 
cess. When inffained, they generate a vast 
quantity of air, the spring of which, by be- 
ing compressed within a small space, like that of 
a cavern, will not shake the earth immediately 
above, but it will search for passages, in order 
to expand and make its escape. Caverns and 
channels of subterraneous rivulets and springs, 
are the only natural passages for this rarefied air. 
Into these, therefore, it will rush with impetu- 
osity, and produce in them a furious wind, the 
noise of which will be heard on the surface; and 
it will be attended with vibrations or succussions 
of 'the ground. Fhis subterraneous wind pro- 
duced by fire will extend the whole length of 
the caverns or channels, and occasion a shaking, 
more or less violent, in proportion to its distance 
from the heat, and to the width or narrowness 
of the canals. But this motion must necessarily 
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run in a longitudinal direction ; and the shaking, 
of course, must be felt over a long belt of ground. 
This air, however, cannot produce an eruption 
or a volcano-; because it finds sufficient room 
for expanding itself, and diminishing its force, 
or, rather, because it escapes through fissures in 
the form of vapour hr of wind. But, although 
the existence of caverns or channels for the pas- 
sage of this rarefied air should be denied, it is 
easy to conceive that, in the very place witcre 
the explosion is made, as the earth is elevated to 
a considerable height, the neighbouring places 
must split horizontally iti attempting to yield to 
the impulse communicated by the original mo- 
tion; and, in this manner, passages may be 
gradually and successively opened, so as to com- 
municate with very distant places. This expli- 
cation corresponds with all the phainomcna. Earth- 
quakes are not felt at great distances at the same 
minute, or even the same hour. They are not 
accompanied with eruptions, or external fire; 
and the noise almost constantly marks the pro- 
gressive motion of the subterraneous wind. 
Other facts concur in establishing liiis theory. 
Blasts of wind, and vapours, sometimes of a suf- 
focating nature, it is well known, arise from 
mines, independent of the motion of the air pro- 
duced by the current of water. It is t-qually 
well known, that winds issue from certain aper- 
tures of the earth, tVom caverns, abysses, aiul 
deep lakes, as Lake Boleslaw in Bohemia, which 
has been formerly mentioned. 

Earthquakes are produced by two causes : 
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the first is the sudden sinking of cavities in the 
bowels of the earth ; and the second, which is still 
more frequent and more violent than the first, 
is the action of subterraneous fires. - 

When a cavern sinks in the middle of a con- 
tinent, it produces a commotion which extends 
to a greater or smaller distsftice, in proportion to 
the quantity of motion excited by the fall of this 
mass of earth } and, if this ind^s is inconsiderable, 
or falls from no great height, it will not produce 
a succussion so violent as to be perceived at a 
great distance; the effect is limited to the neigh- 
bourhood of the sunk cavern ; and if the move- 
ment is propagated to greater distances, it is only 
by slight tremblings or vibrations. 

As most of the primitive mountains rest upon 
caverns, because, at the moment of their con- 
solidation, these eminences were blown up by 
the action of the internal fire, sinkings in the 
mountains have happened,- and still happen, 
whenever the vaults of the caverns are under- 
mined by water, or shaken by any convul- 
sion, - An entire portion of a mountain some- 
times sinks perpendicularly, but oftener inclines, 
and not unfrequently reverses. Of this we have 
striking- examples in seveml of the Pyrennees, 
where, the strata, formerly horizontal, are often 
inclined more than forty-five degrees; which 
shows, that the entire mass of each portion of 
the mountain, whose strata were parallel to each 
other, has inclined by the lump, and, in the 
moment of its sinking, rested upon a base in- 
clined to the horizon fortyrfive degrees. I'his 
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is the most general cause of the inclmation of 
strata in mountains. For the same reason we 
often find, between the adjacent eininence.s, 
strata -which descend from the first and rise to 
the second, after having traversed tlie valley. 
These strata are horizontal, and are bedded at 
the same height in *the two opposite ' hills, be- 
tween which the, cavern had fallen in. The 
earth sinks down',' and the valley is formed, 
without producing any other derangement than 
a greater or smaller inclination of the strata, ac- 
cording to the depth of the valley, or the de- 
clivity of the two opposite hills. 

This is the only sensible eftect of the sinking 
of caverns in mountains and other parts of con- 
tinents. But whenever this cfTeot happens in the 
bottom of the sea, where sinkings must he more 
frequent than on the land, because the water 
perpetually undermines the vaults in every place 
where they support the bottom of the ocean, 
these sinkings not only derange and incline 
the strata, but sensibly lower the level of the 
sea. From the first occupation of the wa- 
ters, their level has been de[)ressed 2,000 fathoms 
by these sinkings; and, as all the submarine ca- 
verns have not yet fallen in, it is more than pro- 
bable, that the basin of the sea, by growing 
more and more deep, will lessen its surface, 
and, of coarse, that the extent of all the conti- 
nent will always continue to augment by the 
retreat and sinking of the waters. 

A segond ant]^ more powerful cause than the 
first concurs in producing the same cilect. Tliis 
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cause is the rupture and sinking of caverns by 
the action of submarine fires. It is certain, that 
no motion or sinking in the bottom of the sea 
can happen without diminishing its surface : 
$md, if we consider the general effects of sub- 
terraneous fires, we will perceive that, as long 
as there iS fire, the commotions of the earth will 
not be confined to simple tremblings ; for the 
efforts of fire raise and open the sea and the land 
by violent and reiterated siiccussions, which not 
only overturn and destroy the adjacent lands, 
but shake those that are distant, and ravage or 
derange every thing in the route of their di- 
rection. 

The earthquakes occasioned by subterraneous 
fires generally precede eruptions of volcanos, 
and sometimes cease the moment the fire opens 
a pas.sage through the earth, and carries its flames 
into the air. These dreadful carth<]nakes some- 
times continue during the whole time of erup- 
tions. These two effects are intimately con- 
nected. There is never a great eruption of a vol- 
cano without being preceded, or at least accom- 
panied, with an earthquake. But we often feel 
very violent succussions of the earth without any 
eruption of fire. Those movenients, in which 
fire has no part, proceed not only from the first 
cause,- the falling in of caverns, but likewise 
fron» the action of subterranequs winds and 
storms. There are many examples of lands raised 
or sunk by the force of these internal winds. 
Sir William Hamilton, a man as respectable for 
his private character as admirable lor the extent 
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of his knowledge and researches on this subject, 
told me, that he had seen, between Trento and 
Verona, near the village of Roveredo, several 
little hills composed of large masses of calcarious 
stones, wliich had evidently been raisetfby dif- 
ferent explosions of subterraneous winds. There 
is no indication of tlie action of lire upon any of 
these rocks or their fragments. The whole coun- 
try, on both sides of the highway, for an extent 
of near a league, has, from place to place, been 
overturned by the prodigious efibrts of subterra- 
neous winds : the inhabitants say that it hap- 
pened suddenly, and was the effect of an earth- 
quake. 

But the force of the wind, however violent, 
appears not to be a cause sulTicient to produce 
such great effects ; and, though there be no 
marks of lire in these little hills, raised by the 
commotion of the earth, 1 am persuade<l that 
they have been elevated by electrical explosions 
of subterraneous thunder, and that the internal 
winds have contributed to this effect solely by 
producing electrical storms in the cavities of The 
earth. Hence all convulsive movements of the 
earth may be referred to three causes : the first 
and most simple is the sinking of caverns; the 
second, storms and subterraneous thunder ; and 
the third, the action of fire kindled in the inte- 
rior parts of the globe. It is easy to ascribe 
to one or other of* these three causes all the 
phasnonieua which accompany or succeed earth- 
quakes.. , 

Commotions of the earth sometimes give rise 
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to eminences; but they more frequently pro- 
duce gulfs. On the 15th day of October, 1773, 
a gulf opened in the territory of Induno, in the 
state of Modena, the cavity of which was 
more tftan 400 fathoms wide by 200 deep*. 
In 17216 , a mountain of a considerable height, 
situated in the northern part of Iceland, was 
sunk in one night by an earthquake, and a very 
deep lake assumed its place. ' The same night, 
about a league and a half distant, aii ancient 
lake, the depth of which was unknown, was en- 
tirely dried up, and its bottom raised in such a 
manner as to form a pretty hifri-. iiill, which still 
exists f. In the seas in the neighbourhood of 
New Britain, M. Bougainville remarks, earth- 
quakes have terrible effects on navigation. On 
the 17 th of June, the 12th and 27th of July, 1768, 
there were three earthquakes at Boero, and, on 
the 22d of the same month, one at New Brittany. 
These earthquakes sometimes annihilate islands 
and known sand-banks, and sometimes create 
them |. 

, There are earthquakes which extend to great 
distances ; but they are always longer than broad. 
One of the most considerable was that felt in 
Canada, in the year 166.3. It extended mure 
than 200 leagues in length and 100 in breadth, 
i. €. more than 20,000 superficial leagues. I'hc 
effects of the last earthquake in Portugal, which 
happened in our own time, were felt still farther. 

* Journ. Hist, et Politique, Dec. 10, 1773, art. Milan. 

f Melanges intrrassans, tom. i. p. I S3. 

i Voyage autour du Monde, torn. W. p. 'J7S. 
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M. le Chevalier de Sa^int-Sauveur, king’s command' 
ant at Merucis, informed M. de Gensanne, that, 
when walking on the left margin of Jouante, 
in Languedoc, the sky suddenly became very 
dark, and that, in a moment after, he perceived, 
at the foot of the hill, which is situated to the 
right of that river, a terrible bright globe of fire : 
immediately there, arose from the bowels of the 
earth a considerable mass of rocks, and the 
whole chain of mountains split from Merucis 
to Florae, an extent of near six leagues. This 
rent, in some places, is more than two feet wide, 
an<l has partly fallen in*. There are other 
earthquakes which produce little or no commo' 
tion. Kolbe relates, that, on the 24 th of Sep- 
tember, 1707, from eight to ten o’clock before 
noon, the sea rose upon the laud at the Cape of 
Good Plope, and descended seven times succes- 
sively, and with such rapidity, that, from one 
moment to another, the place was alternately 
covered and left by the waters •j'. 

With regard to the efiects of earthquakes, 
the failing of mountains, and the sinking of 
caverns, I shall subjoin a few facts, which are 
both recent and well attested. In Norway, a 
whole promontory, called flammersficlda^ sud- 
denly fellj. A very high mountain near that 

Hist. Nat. <]e Languedoc, par M. de Gensanne, tom. i. 
p. !?3t. 

+ Dcscrijit. da Cap de Bonne-Esperance, tom. ii. p. 237. 

+ llisv Nat. dc Norwege, Pontoppidan; Journal Etranger, 
Aout, 17^5. 
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of Chimborazo, one of the highest of the Cor- 
deliers, in the province of Q,uito, tumbled down 
in a moment. This fact, with all its cinrum- 
stances, is related in the Memoir^ of M. de la 
Condamine and Bouguer. Similar fallings and 
sinkings often happen in' the southern islands 
of India. At Gamma-canore, where the Dutch 
have a settlement, a high mountain fell su idenly 
in the year 1673, when the weather was fine: 
it was followed by an earthquake, which over- 
turned the neighbouring villages, and destroyed 
several thousands of persons *. On the i J th of 
August, 177^) in the island of Java and province 
of Chcribou, one of the richest settlements of the 
Dutch, a mountain, of about three leagues in 
circumference, suddenly sunk, and rose and sunk 
alternately like waives in a stormy ocean : it at 
the same time threw out many globes of fire, 
which were seen at a great distance, and gave a 
light as brilliant as that of day : all the planta- 
tions, together with about f?,140 inhabitants, 
without reckoning strangers, were entirely swal- 
lowed up f . We might recite many other ex- 
amples of the sinking of lands and swallowing 
of mountains by the rupture of caverns, and the 
succussions occasioned by earthquakes and the 
action of volcanos : but we have said enough to 
establish the general conclusions wc have drawn 
from the facts already related. 

• Hist. Gen. des Voyages, tom. xvii. p. 54<. 

f See Gazette de France, 21 Maii, 1773, art. de la Haie. 
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When these remarks are considered, I cannot 
comprehend how the mountains should have 
originated from earthquakes, since the mineral 
and sulphureous bodies which occasion them 
are seldom to be met with but in the perpendi> 
cular fissures of mountains, and in other cavities 
of the earth, the greatest number of which have 
been produced by the operation of water; since 
these inflammable substances produce only a mo- 
mentary explosion, and violent winds, which fol- 
low the channels of subterraneous waters; since 
the duration of earthquakes on the surface of the 
earth is so short, they must be occasioned by a 
sudden explosion, and not by a continued con- 
flagration; and, laslljft since those earthquakes, 
which extend over large tracts of ground, never 
produce the smallest eminence throughout their 
whole course. 

Earthquakes, it is true, are more frequent in 
the neighbourhood of volcanos, as in Sicily, and 
the environs of Vesuvius: but it appears, from 
repeated observations, that these earth<iuakes are 
very limited, and, consequently, can never form 
a chain of mountains. 

It has sometimes been remarked, that the 
matters ejected from ^Etna, after cooling for se- 
veral years, and being afterwards moistened with 
rain, have rekindled, and thrown out flames w’itb 
such violent explosions, as to occasion small 
carth(|uakes. 

In 1669, during a violent eruption of iEtna, 
which Segan on the 11th of March, the summit 
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of the mountain sunk considerably*; which is 
a proof that this volcano proceeds rather from 
the superior part of the mountain than from the 
bottom of it. Borelli, who is of the same opi* 
nion, observes, “ that the fire of a volcano pro- 
ceeds neither from the centre, nor from the bot- 
tom of a mountain, but from the top ; and that 
the inflammation never kindles but at a small 
depth t.” ’ 

Mount Vesuvius has frequently thrown out, 
during eruptions, great quantities of boiling 
water. Mr. Kay, who imagine.^ that the fire of 
volcanos conics from a very great depth, says, 
that tliis water proceeds frpm the sea, which com- 
municates, by subterraneous passages, with the 
foot of the mountain. As a proof, he mentions 
the remarkable dryness of the top of Vesuvius, 
and tlic agitation of the sea during eruptions, 
which sometimes recedes so far as to leave the 
port of Naples entirely dry. But, supposing 
these facts to be true, they by no means prove 
that the fire of volcanos proceeds from a great 
depth; for the water they eject is certainly rain- 
water, which penetrates through the fissures, and 
collects 111 the cavities of the mountain. Rills 
and springs issue from the tops of volcanos, as 
well as from other high mountains ; and, as the 
former are hollow, and have suffered more con- 
cussions than the latter, nothing can be more. 

* See Phil. Trans, abridg. toI. ii. p. 387. 

t Borelli de incendiis Montiif .£lnie. 
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natural than that they should collect water in their 
caverns, and that this water should sometimes 
be ejected, along with other substances, in the 
time of eruptions. With regard to the motion 
of the sea, it arises solely from the shock com- 
municated to the waters by the explosion, which 
makes them advance or retire according to dif- 
ferent circumstances. 

The most common substances thrown out by 
volcanos are torrents of melted minerals, which 
overflow the environs of the mountain. These 
rivers of lava extend to great distances; and, in 
cooling, they form beds, either horizontal or 
inclined, in the same manner as the strata accu- 
mulated by successive sediments from water. 
But the former are easily distinguishable from the 
latter: 1. Because strata of lava are not every 
where equal in thickness. 2. Because they con- 
tain nothing that has not evidently been calcined, 
vitrifled, or melted. 3. Because their extent is 
more limited. As there is a vast lUirnbcr of vol- 
canos in Peru, and as the bottoms of most of the 
Cordeliers are covered with substances which 
have been thrown out by eruptions, it is not sur- 
prising that no sea shells have been found there; 
for they must have been calcined and destroyed 
by the fire. But I am still persuaded, that, if 
the clay ground, which, according to M. Bour- 
guet, is the ordinary earth in the valley of Quito, 
had been dug, shells w'ould have been discovered 
there, as well as every where else, especially 
where *the ground is not covered, like the bot- 
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toms of the mountains, with matters ejected from 
volcanos. 

It has often been asked. Why all volcanos 
appear in high mountains only ? I have partly 
solved this question in the preceding article. 
But, before finishing the present subject, 1 shall 
endeavour more fully to explain myself. 

The peaks or points of mountains w’erc origi- 
nally covered with earth and sand, which, after 
being gradually washed down to the valleys by 
the rains, left nothing but those bare rocks or 
stones called the core of mountains, which, 
being likewise subjected to the action of the 
weather, small and large fragments of them roust 
have been occasionally loosened, and, of course, 
must have rolled down to the plains. The rocks 
at the base of the summit being fully uncovered, 
and having lost their original sup^iort from the 
sand and earth, would ' necessarily give way a 
little, and, by separating from each other, would 
produce small intervals. But this yielding of 
the lower rocks could not take place without 
rending those which lay above them. In this 
manner the core of the mountain, from the sum- 
mit to the base of the lower rocks, would be split 
into an infinite number of perpendicular fissures 
of different dimensions. Through these the rains 
would penetrate, and carry along with them, into 
the bowels of the mountain, all the minerals, and 
other substances which they were capable of 
transporting or dissolving. Here pyrites, sul- 
phur, and other combustible substances, would be 
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protliicerl ; and, in the course of time, these bo- 
dies would accumulate in great quantities, and, 
by tlieir fermentation, would give rise to explo- 
sions, and other effects of volcanos. Heaps of 
these mineral substances might likewise exist in 
the heart of the mountain, before the rain could 
})cnctrate so deep. In this case, as soon as the 
air or rain got access to them by means of the 
perfjendicular fissures, a conflagration and vol- 
cano would instantly take place. No such phae- 
nomcna can be exhibited in plains j for, as every 
thing there is at rest, and nothing can be dis- 
placed, it is not surprising that the existence of 
volcanos should be confined entirely to the 
mountains. 

When coal mines are opened, which are com- 
monly found in clay grounds, and at a great 
depth, the mineral substances above mentioned 
sometimes kindle into flames. There are exam- 
ples ill Scotland, Flanders, &c., of coal mines 
which have continued to burn for many years. 
I'he admission of air is alone sufficient to pro- 
duce this effect. But these inflammations occa- 
sion only slight explosions, and never form vol- 
canos; because, in such places, all being plain 
and solid, the fire cannot be excited to such a 
degree as in burning mountains, which arc full 
of caverns and clifis, through which the air pe- 
netrates, and augments the action of the fire so 
forcibly, as to give rise to the terrible effects we 
have been describing. 



82 


OF VOLCANOS 


Of extinguished f^olcanos. 

The number of extinguished volcanos ex- 
ceeds incomparably that of those which arc 
active. They are very numerous in almost every 
part of the earth. 1 might mention those re- 
marked by M. de la Condaoiine in the Corde- 
liers, and by M. Frenaye in St.,Uomingo*, near 
Port-au-Prince, and those of Japan and the other 
eastern and southern islands of Asia, the whole 
of which countries have been formerly ravaged 
by (ire. But 1 shall limit myself to the extin- 
guished volcanos of the isles of France and 
Carbon, which have been recognised by some 
enlightened voyagers. 

“ The soil of the isle of France,” says M. T Abbe 
de la Caille, ** is covered with a prodigious num- 
ber of stones of all sizes, which are of a blackish 
ash colour. Many of them are full of holes, like 
a sieve. Most of them contain a great quantity 
of iron ; and the surface of the earth is covered 
with the ore of this metal. We likewise find, 
especially on the north coast of the island, a 
great many pumice stones, lavas, or refuse of 
iron, profound grottos, and other manife^t vestiges 

of extinguished volcanos 

■ “The isle of Bourbon,” continues M. I’Abb^ 
de la Caille, “ though larger than the isle of 
France, is only a large mountain, split as it were 
from its summit into three different parts. Its 

* Note communicated to M. de BufKin, by M. Frenaye, 

March 10, 1777. 
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top is covered with wood, and inhabited; and 
two thirds of its declivity, which extends as far as 
the sea, are cleared and cultivated. The rest is 
covered with the lavas of a volcano, which burns 
slowly and without any noise. It seems not to 
burn iniicii, except during the rainy seasons. . . . 

** Ascension Island has visiblv been formed and 
burnt by a volcano- It is covered with a red 
earth, similar to brick-dust or burnt clay. «... 
I'he island is composed of several mountains ' 
from 100 to 150 fathoms high. There is one 
still larger to the south of the island, which is 

about 400 fathoms in height Its summit 

is doiilile and lengthened : but all the others are 
pretty perfect cones, and covered with red earth. 
The land and part of the mountains are inter- 
spersed with prodigious quantities of rocks full of 
holes, like sieves, and with very light calcarious 
stones, a number of which resembled coagulated 
milk ; some of them were laid over with a dirty 
white varnish, approaching to green. Pumice 
stones are likewise very frequent*.” 

The celebrated captain Cook remarks, that, in 
an excursion to the interior parts of Otaheite, 
they found burnt rocks, like those of Madeira ; 
that all the stones bore incontestible marks of 
fire ; that they likewise perceived traces of fire in 
the clay upon the hills ; and that Otaheite and a 
number of adjacent islands might be supposed to 
be the relics of a continent which had been swab 

* Mem. de I’ Acad, das Science*, ann. 1754, pp. Ill, 121, 
and 120. 



S4 


OP VOLCANOS 


lowed by the explosious of subterraneous fire *, 
Philip Carteret tells us, that one of the Charlotte 
islands, situated in the 1 1° It)' of south latitude, 
is of a prodigious height and a conical figure y 
that its summit is like a funnel, from which 
smoke issues, bnt no flames; and that, on the 
most southern coast of New Britain, there are 
three mountains’, from one of which proceeds a 
large column of smoke*. 

We find basalts in the isle of Bourbon, where 
the volcano, though feeble, still acts: in the isle 
of France, where all the fires arc extinct ; and in 
^Madagascar, where there are botli active and 
extinguished volcanos. But, to mention no other 
basalts but those of Europe, we know that there 
are considerable masses of them in Ireland, in 
Britain, in Auvergne, upon the borders of th« 
Elbe, in Misnia upon Mount Cattener, at Ma- 
rienburg, at Weilbourg in the county of Nassau, 
at Lauterback, at Biilstein, in several parts of 
Hesse, in I^usace, in Bohcrfiia, &c. These basalts 
arc most beautiful lavas, produceil, in all these 
countries, by volcanos which are now extinct 
But wc shall content ourselves with abridged de- 
scriptions of extinguished volcanos in France. 

“ The moimtaiiis of Auvergne,” saysM. Guct- 
tard, “ which have lomieily, in my estimation, 
b^^i volcanos^. . . . are those of Volvic, two 
leagues from liiom ; of Puy-de-ilome, iiearClier- 
mont; and of Mount Or: The volcano of Voi- 

* Cook’s Voyage, tom. ii. p. 131. 

t Carteret’s Voyage, pp. 230 and 27 
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vie lias formed, by its differeivt lavas, strata lyiuff 
iipou each other, aial compo-iing 'inornious 
masses, in which <{uarries are dii^, and furnish 

stones to several places at a distance It 

was at Mouliiis where I first discoveied lava; 
.... and being at Volvic, I perceived tliat the 
mountain was almost entirely coniposiKl of mat- 
ters which had liLen thrown out by the criiptions 
of volcanos. 

“ The figure of this mountain is conical, and 
its base consists of rocks of a grayish white gra- 
nite, or of the colour of a pale rose 'I he 

rest of the mountain is composed entirely of 
blackish or reddish pumice .stones, heaped upon 
each other without order or connexion. .. .About 
two thirds up the mountain, wo meet with irre- 
gular rocks, bristled with misshapen points turned 
to all sides, and of an obscure red or dirty black. 
They are solid and hard, and have no holes like 

the pumice stones Before arriving at the 

summit, wo find a hole of some fathoms wide, 
and of a conical figure, approaching to that of a 

funnel The iiarlofthe moinitain to the 

north and east, appeareil to be solely conijiosed of 

innnice stones In Volvic, the beds of 

stone follow the inclination of the mountain, and 
seem to be continued through it, aud to communi- 
cate with tlio.se discovered by the ravines a little 
bidow the summit .... 'I’hese stones are of 
an iron-gray colour, <uul seem to have a while 
grain, w hich comes out on the surface like an 
cfllorcscence : though spongy, and full of small 
irregular holes, they are hard. 

“ Mount ruy-dc-d6mc is nothing but a mass 
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of matter which indicates the dreadful effects 

of the most violent fire In those places 

of the' mountain which are not covered with 
plants and trees, we travel among pumice 
stones, pieces of lava, and a gravel or sand, 
formed by a kind of iron dross and small bits 
of pumice stones mixed with ashes. 

** These mountains exhibit several peaks, and 
all of them have cavities or funnels of greater 
or smaller dimensions. One of these peaks, the 
road which leads to it, and the whole space as 
far as Puy-de-dome, are only vast heaps of 
pumice stones. The satne observation is ap- 
plicable to the other peaks, which arc fifteen 
or sixteen in numbciv situated in the same line 
from south to north, and all of them furnished 
with funnels. 

** The top of the peak of Mount Or is a rock 
composed of a tender whitish ash-coloured stone, 
similar to that on the sunimits of all the moun- 
tains in this volcanic country : it is only a little 
lighter than that of Puy-de-ddtne, 

If I found not on this mountain as many 
vestiges of a volcano as in the other two, it 
must be partly ascribed to this circumstance, 
that Mount Or is more covered, through its 
whole extent, with trees aud shrubs, than 
Mounts Volvic and Puy-de-d6mc How- 

ever, the south-east part is entirely bare, and 
entirely composed of stones aiifl rocks, which 
-seem to have been exempted from the effects 
of the lire 

** But the peak of Mount (Dr is a cone similar 
to those of Volvic and Puy-de-dome, To the 
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east of this point is tlic Peak du Capuchin, 
which is likewise conical, but not so regular as 
those of the preceding mountains. It even 
appears that tliis peak has undergone more 
changes in its structure; for every thing is more 
irregular, and broken into smaller portions. . . . 
There are still several other peaks, the bases of 
which rest upon the ridge of the mountain ; but 
they are all overtopped by Mount Or, which 
is 509 fathoms high. . . . The peak of Mount 
Or is very rugged: it terminates in a point 
about fifteen or twenty feet in diameter 

** There are several conical mountains be- 
tween Thiers and Saint Chaumont, which led me 
to think,” says M. Guettard, “that they might 
have been burnt. . . . Though I have never 
been at Poiitgibault, 1 have sufficient proofs to 
convince me that the mountains of this canton 
are extinguished volcanos; I have received 
fragments of lava from them, W'hicli it was 
easy to recognise by the yellow and blackish 
points of vitrified matter, which are the most 
certain characteristics of volcanic produc- 
tions 

'I'he same M. Guettard and M. Faujas have 
found, on the lott bank of the Rhone, and a 
good way into the country, very large fragments 
of basaltic columns. ... In ascending into the 
Vivarais, they found in a nipid brook a vast 
collection of volciinU: matter, which they fol- 
lowed to its source. It was not difficult to re- 
cognise *the volcano. It is a very high moun- 


• Mem. Ue I’Acad. dcs Sciences anii. 17.52, p. 27 — .5S. 
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tain, oil the top of which they found a mouth 
of about eighty feet in diameter. Below this 
mouth the lava is partly visible. It has flowed 
down the ravines, in great masses, for the space 
of seven or eight thousand fathoms. The matter 
has heaped together w’hileyct burning in certain 
places: and, after fixing, it cbappeil and .split 
through its whole thickness, and left the plain 
entirely covered with iiiiiumevable columns, from 
fifteen to thirty feet long by about seven inches 
in diameter*. 

“ Having proceeded to Montferrier,”. says 
M. Montet, “ a village about a league di.stant 

from Montpelier I found a number 

of black stones, detached from each other, and 
of difterent figures and sizes. ... I compared 
them with others, which were unquestionably 

the production of volcanos and found 

them to be of the same nature. Mence I no 
longer doubted that tliese stones of Montferrier 
were a very hard lava, or a mattiT melted by 
a volcano, which had lonjf been extinguished. 
The whole mountain of Montferrier is inter- 
spersed with these stones, and the streets are 
paved and the village partly built with them. 
.... The surfaces of these stones are, in so- 
neral, full of holes or porosities, which suf- 
ficiently indicate that they have been formed 
of.Vriatter melted by a, volcano. This lava is 
dispersed over all the groiatd.^ iwlj.ieent to Mont- 
ferrier 


* Jouinal <le Kiy.siq«cs, par M. I’Abbt lioisicr ; mois lU- 
Decembre, 1775, p. 516. 
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'* On the side of Pezenas, extinguished vol- 
canos are very numerous The whole 

country is full of them, especially from Cap 
d’Agde, which itself is an extinguished vol- 
cano, to the foot of that chain of mountains 
•that coiiimenccs five leagues to the north of 
this coast, and upon their declivity, or at a 
little distance from them, are situated the vil- 
lages of Livran, Peret, Fontes, Nelicz, Ga- 
bian, and Faugeres. In going from south to 
north, we find a remarkable plinth or chaplet, 
whiolj begins at Cap d’Agde, and comprehends 
Mount Saint Thibery and Causse (mountains 
situated in the middle of the plains of Bressan), 
tiie peak of Valros in the territory of this vil- 
lage, the [leak of Montredon in the territory 
of Tourbes, and that of Saint Murthe, near 
the royal priory of Cassan. Besides, from the 
foot of tlie mountain, a great and long mass 
arises, and terminates to the south near the 
Granges of Pres, and from east to west between 

the village of Cans and thatofNizas It 

is to be remarked of this canton, that it con- 
sists of almost nothing but a mass of lava, and 
that in the middle of it there is a round mouth, 
or distinct crater, about 200 fathoms in diame- 
ter, which formed a pond that has since been 
drained by a deep cut through the hard lava, 
which is disposed into strata, or rather conti- 
guous undulations. • . . . 

“ In all these places we find lava and pumice 
Slones. ’ Almost the whole village of Pezenas 
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is pav^d with lava. I'ho rock of Agde is no- 
thing but a hard lava, auci the- whole of this 
viiiage is buiJt and paved with this lava, which 

is very black Alojost the whole territory 

of Gabiau, in which is the famous fountain of Pe- 
troleum, isbestrewed with lava and pumice stones. 

** We likewise find at Caussc, Basan, and 
Saint Thibery, a considerable quantity of ba- 
salts, which are commonly * prisms with six 
sides, and from ten to fourteen iret in lengtlr. 
These basalts are found in a place where the 
vestiges of an ancient volcano are no longer 
recognisable. 

“ The baths of Balaruc every where present 
us with relics of an extinguished volcano. The 
stones found there are nothing but pumices of 
different sizes 

** In all the volcanos I examined, I remarked 
that the matter or stones thrown out are of va- 
rious figures. Some of them are in large, heavy, 
and hard masses, like the rock of Agdc : others, 
like those of Montferrier and the lava ofTourbes, 
are in detached pieces, of considerable w'eight 
and hardness 

M. Villet, of the academy of Marecille.':, has 
transmitted to the king’s cabinet some specimens 
of lava and other matters found in the extin- 
guished volcanos of Provence; and he writes 
me, that, a league from Toulon, there are evi- 


* Mem. de I’Acad. des Sciences, ann. 1760, p. 466- 
473 . 



AND EARTHQUAKES. 


91 


dent vestiges of an ancient volcano j and that, 
having descended a ravine to the foot of this old 
volcano of Mount d’OUioules, he was struck 
with the appearance of a detached rock which 
had come down from the mountain. It was 
calcined ; and, having broke ofl' some pieces, he 
found in the heart some sulphureous particles, so 
strongly marked, that he no longer doubted the 
ancient existence'' of these volcanos, whicif are 
now extinct *. 

M. Valmont de Bomare has observed, in the 
territory of Cologne, the vestiges of several extin- 
guished volcanos. 

I could give many other examples, which all 
concur in proving, that the number of extin- 
guished volcanos is perhaps a hundred times 
greater than of those now actually existing. 
I must here remark, that, between these two, 
there are, as in all the other ojierations of Na- 
ture, intermediate states, degrees, and shades, of 
which we can only lay hold of the principal 
traits. For example, the Solfntaras are neither 
active nor extinguished volcanos, but seem to 
participate of both. These no man has better 
described than one of our learned iicadeinicians, 
M. Fougeroux dc Bondaroy ; I shall, therefore, 
lay before the reader his chief observations: 

" Solfatara, situated four miles west from Na- 
ples, and two miles from the sea, is surrounded 


* Ixttre tic M. Villvt a M. de BuiTvn j Marseille, Ic 8 
Mai, 1775. 
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on all sides with mountains. Before arriving at 
it, we must ascend about half an hour. The 
space comprised between the mountains forms a 
basin of .about 1,1200 feet in length by 800 feet 
broad. With regard to the mountains, it lies in 
a bottom ; but it is not so low as the ground you 
traverse in going to it. The soil in the bottom of 
the basin is a very fine, close, beaten sand, and it 
is so dry and parched, that it pibduces no vegeta- 
bles. Tiie colour of the sand is yellowish. 

The sulphur, which is found in great 

quantities among the saud, gives it this colour. 
The mountains, which bound the greatest part of 
the basin, consist of bare rocks, without earth or 
plants. Some of them are split, and their parts 
are burnt and calcined ; but the whole present no 

arrangement or order in their position 

They arc covered with greater or smaller (pianti- 
ties of sulphur, which is sublimed in this part of 
the mountain and in the neighbouring basin. 

“ The opposite side consists of a better soil. 

Neither does it pressent furnaces similar 

to those formerly mentioned, and which are com- 
mon on the other side. 

“ In several places!, we find, in the bottom of 
the basin, apertures or mouth.s, from which issue 
smoke, accompanied with a heat that w'ould burn 
tl:ife'hand.4 smartly j but it is not strong enough 
to kindle paper. ...... 

“ Tlie adjacent places produce a heat which is 
felt through the shoes, and a disagreeable odour 
of sulphur exhales from them Wlien a 
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sharp pointed stick is thrust into the ground, 
there soon issues a vapour or smoke, similar to 
that which exhales from the natural crevices. 

“ Through these apertures a small quantity of 
sulphur is sublimed, together with a salt which 
has all the characters of sal ammoniac;. 

On several stones which surround Solfatara. 

we find threads of alum Lastly, sulphur 

is collected from 'Solfatara. . . . This substance 
is extracted from grayish stones, interspersed 
with shining particles, which arc sulphur crys- 
tallised betweeti the stony particles. . . . These 
stones are sometimes impregnated with alum. 

“ By striking the middle of the basin with our 
foot, we easily perceive that the ground is hollow 
below. 

If we traverse the side of the mountain, 
■W'lierc the mines arc most numerous, we find 
lavas, pumice stones, the dross of volcanos, &c. 
In a word, the whole appearances, when com- 
pared with the matters at present furnished by 
Vesuvius, denujiistrate that Solfatara was for- 
merly the mouth of a volcano 

“ The basin of Solfatara has often changed its 
form; and we may conjecture that it will still 
assume others. This territory daily hollows 
and undermines itself. It at present forms a 
vault which covers an alryss. . . . If this vault 
sinks, the abyss will probably fill with water, 
and produce a lake.*.” 

M. Fougeronx de Bonderoy has likewise made 


* Mem. dc I’Acad. des Sciences, aim 1765, p. 267— -283. 
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some obsefvations on Solfataras in other parts df 
Italy. 

“ I have been,” says he, “ at the source of a 
rivulet, which we pass in the road between Rome 
and Tivoli, the water of which has a strong odour 
of liver of sulphur. .... It forms two small 
lakes, about fort^ fathoms in their greatest ex- 
tent 

“ One of these lakes, according to the plumb- 
line we were obliged to use, was, in different 
places, sixty, seventy, and eighty fathoms 
deep. In these lakes we saw several floating 
islands, which sometimes change their situa- 
tion They are composed of plants re- 

duced into a kind of light turf, upon which the 
waters, though corrosive, have no effect 

" The heat of these waters was twenty de- 
grees, When the thermometer in the open air 
stood at eighteen degrees. Thus it appears, from 
experiment, that the heat of these waters is in- 

considei^ble They exhale a disagreeable 

pdour; and this vapour changes the colour of 
vegetables and of copper*.” 

** The Solfatara of Viterbe,” M. I’Abbe Ma- 
zeas remarks, “ has a mouth of from three to four 
feet only.' Its waters boil, exhale an odour of 
the 'liver of sulphur, and petrify their canals, like 

those of Tivoli The degree of their heat 

is that of boiling water, and sometimes more. . . . 
The volumes of smoke, which sometimes arise, 
indicate a still greater heat ; and yet the bottom 

* Mena, de r Acad, des Sciences, ann. 1770, p. I — 7. 
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of the basin is covered with plants, which grow 
in the bottom of tiie lakes, and in the marshes. 
In ferruginous soils, these waters produce vi- 
triol, &c. * ” 

** In several of the Appennine mountains, and 
particularly in those on the road from Bologna 
to Florence, we find tires, or vapours which re- 
quire only the approach of a candle to inflame 
them. .... * 

“ The tires of ^|punt Cenida, near Pietra- 
mala, arc situated at different heights of the 
mountain, upon which we find four mouths that 

throw out flames One of these fires is 

in a circular place surrounded with a rising 

ground Here the earth appears to be 

burnt, and the stones are blacker than those in 
the neighbourhood i there likewise issues, here 
and there, a lively, blue, clear flame, which rises 

from three to four feet high But, beyond 

this circular space, vve sec no fire, though the 
heat of the ground is perceptible at the distance 
of sixty feet from the centre of these flames 

“ Along a fissure or crevice in the neighbour- 
hood of the fire, we hear a dull noise, like that of 
wind moving through a subterraneous passage. 
Near this place, we find two sources of hot 

water Tlic ground, in which fire has long 

existed, is neither depressed nor elevated 

Near this fire we see no volcanic stones, nor any 
mark which indicates that tire has ever been 


Mem. de^i Savans Etraiis'ers, tom. v. p. 32 B- 
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thrown out. However* some little hills in the 
neighbourhood have every appearance of iiav- 
iug been formed* or at least changed by vol- 
canos In 1767> succussions of an earth-^ 

quake were felt in the environs ; but no change 
was produced on the Ore* neither was the smoke 
increased or diminished. 

** About ten leagues from Modena* at a place 
called Barrigazzo, there are five or six openings, 
where* at particular times* ||ames appear* which 
are extinguished by a strong wind : there are 
likewise vapours which inflame by contact with 
fire But, notwithstanding the unequivo- 

cal vestiges of extinguished volcanos* which sub- 
sist in most of these mountains, the fires seen 
there are not new volcanos forming, because 
they never throw out any volcanic matter 

Hot waters* as well as the fountains of Petro- 
leum* aud other bituminous and oily substances* 
should be regarded as another shade between 
extinguished and active volcanos. When sub- 
terraneous fires exist near strata of coal* they 
dissolve the coal* aud give rise to most sources of 
bitumen : they likewise occasion the heat of the 
hot springs which run in their neighbourhood. 
But these subterraneous fires now burn with tran- 
quillity; and we only recognise their ancient 
explosions by the substances they have formerly 
rejected. They ceased to act when the sea re- 

* Mem. sur le Petrole, par M. Fougeroux dc Banderoy^ 
dans ceux de I’Acad. des Sciences, ann. 1770, p. 45. 
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tired from them ; and, as already remarked, I be- 
lieve there is no longer any reason to dread the 
return of tliese direful explosions, since every ob- 
servation concurs in showing that the sea will 
always retire farther and farther. 


Of Lavas and Basalts. 

To what We have said on the subject of vol- 
canos, we shall add some remarks on the mo- 
tion of lavas, and on the time necessary for 
their cooling and their conversion into vegeta- 
ble soil. 

The lava which runs from the foot of the 
eminences formed by the matters rejected by 
the volcano, is an impure glass in fusion. It 
is a tenacious, viscous, and half fluid substance. 
Hence the torrents of the vitrifled matter, when 
compared to torrents of water, run slowly ; and 
yet they often proceed to great distances. In 
these torrents of fire, however, there is another 
movement than what takes place in those of 
water : this movement tends to elevate the 
whole running mass, and is produced by the ex- 
pansive force of the heat in the interior parts of 
the burning torrent. The external surface cools 
first; the liquid fire continues to run below; 
and, as heat acts equally on all sides, the fire, 
which endeavours to escape, elevates the superior 
parts that are already consolidated, and often 
forces them to rise perpendicularly. This is the 
origin of those large masses of lava in the form 

VOL. II. H 
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of rocks, which are found in the course of al- 
most every torrent where the declivity is not 
great. By the cfibrts of this internal heat, the 
Ic'iva makes frequent explosions ; its surface opens, 
and the liquid matter springs up and forms those 
masses which we see elevated above the level of 
the torrent. Le P. de la Torre, I believe, is the 
first person who observed this internal movement 
of burning lavas, which is aivvaj's more violent 
in proportion to their thickness and the gentle- 
ness of tlie declivity. This effect is common to 
all matters liquilied by fire, and every man may 
see examples of it in our common founderies*. 
If we observe those large ingots or masses pf 
melted iron, which run in a mould or canal with 
a very small declivity, we shall perceive that 
they have a tendency to rise like arches, especi- 
ally when the stream is very thick We have 

^ The lava of iron foiiudcries' exhibits the same effects. 
When this vitreous matter runs slowly, and accumulates at 
the. base, we sec eminences ari.se, which are bubbles or con- 
cave hemispheres of glass. Tlic.se bubbles increase, when the 
expansive force is great, and the matter has little fluidity: it 
then suddenly explodes into a flame, and makes a cemsider- 
able report. When the ]iquiti.:d matter is suilicicntly adhe- 
sive to suffer , a great dilatation, these superficial bubbles ac- 
quire a volume of eight or ten inches in diameter, without 
Weakitig. When the vitrification is less complete, and the 
niaUer is viscous and tenacious, the bubbles are smaller, and 
m cooling ibnn concave eminences, called toads' eyes. What 
happens in miniature in our founderies, is likewise exhibited 
upon a larger scale in the lavas of volcanos. 

f I have not mentioned some particular causes -which fre- 
quently produce a curvature or swelling in our melted ingots : 
for example, when the matter is not very fluid, or wlieti the 
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formerly shown, by experiments, that the time 
of consolidation is always proportioned to the 
thickiu'ss of the ingots, and that, when their sur- 
faces are hardened, the interior parts still con- 
tinue to be ]i(piid. It is this internal heat which 
elevates the ingots and makes them blister. If 
their thickness were greater, tliere would be pro- 
duced, as in the torrents of lava, explosions, rup- 
tures in the surface, and perpendicular jets of 
metallic matter, pushed out by the action of the 
fire inclosed in the interior parts of the ingots. 
This explication, «lrawn from the nature of the 
thing itself, leaves no doubt concerning the 
origin of those eminences so freijiient in valleys 
and plains, which have been overrun or covered 
with lava. 

Wluai, after descending from the mountain 
and traversing the fields, the burning lava ar- 
rives at the margin of the sea, its course is sud- 
denly interrupted, the torrent advances, and, 
like a powerful enemy, makes the water at first 
retire : but the water by its immensity, by the 
resistance of its cold, and by its power of arrest- 
ing and extinguishing lire, soon consolidates 
the torrent of burning matter, which can now 
proceed no farther, but rises up, accumulates 
new strata, and forms a perpendicular wall, 

mould is too moists the ingots bend considerably ; because 
these causes concur in ui^gmenting the efTect of the first. 
Thus the humidity of the ground, on which the torrents of 
lava descend, and the internal heat, concur in raising the mass, 
and ill producing explosions, vrhich are always accompanied 
with those jets of matter formerly mentioned. 

H 2 
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from the top of which the lava falls, and applies 
itself to the face of the wall thus formed. It is 
this failing and arresting of the burning matter 
that gives rise to basaltic prisms * and their jointed 
columns. These prisms have generally live, six, 
or seven sides, sometimes only three or four, 
and sometimes eight or nine. The basaltic co- 
lumns are formed by the perpendicular fall of 
the lava into the sea, udiether it falls from high 
rocks on the shore, or from a wail raised by its 
own accumulations. In both cases, the cold 
and humidity of the water arrest the burning 
matter, and consolidate its surfaces the moment 
it falls; and the successive bundles or masses of 
lava apply themselves to each other. As the in- 
ternal heat of these masses tends to dilate them, 
a reciprocal resistance is created; and the same 
eflect is produced as happens in the swelling of 
pease, or rather of cylindrical grain, when 
squeezed in a close vessel fdled with boiling 
w'atcr. Each of these grains would assume a 
hexagonal figure by reciprocal compression. In 
the. same manner, each bundle or mass of lava 
assumes several sides by dilatation and reciprocal 
resistance; and, when the resistance of the sur- 
rounding bundles is stronger than the dilatation of 
the bundle surrounded, instead of becoming hex- 
agonal, it has only three, four, or five sides. 

* I shall not here inquire into the origin of the term basalt, 
which M. Desmarets^ of the Academy of Sciences^ a learned 
naturalist, believes to have been applied by the ancients to 
dijfierent kinds of .Hones; but shall linpt myself to the basaltic 
lava, which appears under the form of [irismatic columns. 
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But, if the dilatation of the surrounded bundle 
is stronger dian the resistance of the surrounding 
bundles, it assumes seven, eight, or nine sides, 
which are always longitudinal. 

The transverse articulations of these prismatic 
columns are produced by a cause still more 
simple: the bundles of lava fall not in a regular 
and continued stream, nor in equal masses. 
Hence, if there arc intervals in the full of the 
matter, the superior surface of the forming co- 
lumn, being partly consolidated, is hollowed by 
the weight of the succeeding mass, which then 
moulds itself into a convex form in the con- 
cavity or depression of the first. This is the 
productive cause of those joints or articulations 
which appear in the greater part of prismatic 
columns. But, when the lava falls in an unin- 
terrupted stream, then the basaltic column is 
one continued mass, without any articulations. 
In the same manner, when, by an explosion, 
some detached masses are darted from the torrent 
of lava, these masses assume a globular or ellip- 
tical figure, and are even sometimes twisted like 
cables. To this simple explication, all the forms 
of basalts and figured lavas may be easily re- 
ferred. 

It is to the rcncniinter of lava with the waves, 
and its sudden consolidation, that the origin of 
these bold coasts, which border all the seas at 
the foot of volcanic iiibuntains, is to be ascribed. 
The ancient ramfiarts of basalt, found in the in- 
terior parts of continents, show that the sea has 
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been in the neij^hbourhood of these volcanos 
when they had thrown out lava. This is an ad- 
ditional proof of the ancient abode of the waters 
upon all the lands now inhabited. 

The torrents of lava are from 100 to 2,000 
and 3,000 fathoms broad, and sometimes 150, and 
even 200 feet thick : and, as we have found, by 
experience, that the time of the cooling of glass 
is to that of the cooling of iron as 132 to 236, 
and that the times of their respective consolida- 
dation are nearly in the same proportion, it is 
easy to infer, that, to consolidate the thickness 
of ten feet of glass or lava, 20l£ g- minutes would 
be necessary, since it requires 360 minutes to 
consolidate ten feet thick of iron, consequently 
it will require 4,028 minutes, or sixty-seven hours 
eight minutes, to consolidate 200 feet thick of 
lava : by the same rule, we shall find, that 30u 
days, or a month, will be requisite before the 
surface of this lava of 200 feet thick be suffi- 
ciently cold to admit of being touched. Hence 
a year will be necessary to cool a lava of 200 
feet thick, so as to admit of being touched, with- 
out burning, at the depth of one foot; and, at 
ten feet deep, it will be still so warm, at the end 
of ten years, as not to be tangible; and 100 
■will be requisite to cool it to the same degrt'e in 
the middle of its thickness. Mr. Brydone re- 
lates, that, more than four years after the lava 
had flowed, in the year 1766, at the foot of 
vIEtna, it was not perfectly cool. Massa, a Si- 
cilian author worthy of credit, tells us, “ that, 
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being at Catania, eight years after the great 
eruption in 1669, he fouiKl, that the Java in 
several places was not entirely cool*.” 

About the end of .April, 1771> sir William 
Hamilton dropt pieces of dry wood into a cre- 
vice in the lava at Vesuvius, and tlicy were in-* 
stantly inflameil : the lava issued from the moun-' 
tain on the 1 9tli of October, 1767> and had no 
communication AViih the lire of the volcano. 
The place where this experiment was made was 
at least four miles distant from the mouth from 
which the lava issued. He is firmly persuaded, 
that many years arc necessary to cool a lava of 
this thickness (about 300 feet). 

I have had no opportunity of making experi- 
ments upon consolidation and cooling, but with 
balls of some inches in diameter. The only 
method of making experiments on a larger scale 
would be, to observe lavas, and to compare the 
limes exhausted in their consolidation and cool- 
ing, according to their dilferenl thicknesses. I 
am satisfied that these observations woidd con- 
firm the law I have established for tlie cooling 
of bodies from the .stale of fusion to the com- 
mon temperature ; and, althougli the'sc new ob- 
servations arc by no means necessary to support 
my theory, still they would lu'lp to fill up that 
immense gup between a cannon ball and a 
planet. 

It now remains ftA* us to examine the nature 
of lava, and to show, that, in time, it is con- 


* Voyage au Inni. i. p. 2IS. 
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verted into fertile earth ; which recalls the idea 
of the first conversion of the scoriae of the pri- 
mitive glass that covered the whole surface of the 
globe after its consolidation. 

** Under the denomination of lava, we com- 
prehend not,” says M. de la Condamine, “ all 
the matter thrown out by a volcano, such as 
ashes, pumice stones, gravel, and sand; but 
solely those reduced to a liquid state by the ac- 
tion of fire, and which, by cooling, form solid 
masses, whose hardness surpasses that of marble. 
This restriction notwithstanding, many other 
species of lava may be conceived, according to 
the different degrees of fusion in the mixture, 
the greater or smaller quantity of metal, and its 
greater or lesser intimate union with the various 
matters. Beside many intermediate kinds, three 
species are easily distinguishable. The purest 
lava resembles, when polished, a stone of an 
obscure dirty gray colour. It is smooth, hard, 
heavy, and interspersed with small particles 
similar to black marble, and whitish points. It 
seems to contain metallic particles. At first 
sight, it resembles serpentine, when the colour of 
the lava does not tend to green. It receives a 
pretty fine polish, which is more or less vivid 
in different parts. It is made into tables, chim- 
ney-pieces, &c. 

“ The coarsest kind of lava is rugged and un- 
even. It resembles the scorise or dross of iron. 
The niost common species holds a middle rank 
between the two extremes ; it is that which we 
every w'here find in large masses upon the sides 
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of Vesuvius and in the adjacent fields where it 
has run in torrents. In cooling, it has formed 
masses similar to ferruginous and rusty rocks, 
which are often many feet thick. These masses 
are frequently interrupted and covered with ashes 

and calcined matter It is under several 

alternate strata of lava, ashes, and earth, the 
whole of which forms a crust of from sixty to 
eighty feet thick, that temples, porticos, sta- 
tues, a theatre, and an entire city have been 
discovered*.” 

M. Fougeroux jje Bondaroy remarks, “ that, 
.immediately after an eruption of burnt earth or 
of a kind of ashes, Vesuvius generally throws 
out lava, which runs down the fissures or fur- 
rows made in the mountain 

The mineral matter inflamed, melted, and 
flowing, or lava, properly so called, issues through 
cracks jor crevices with more or less impetu- 
osity, and in greater or smaller quantity, ac- 
cording to the violence of the eruption. It 
spreads to a greater or smaller distance, accord- 
ing to the degree of fluidity, and the declivity 
of the mountain, which more or less retards its 
cooling 

“ 'riial which now covers a part of the land 
at the foot of the mountain, and whicli some- 
times stretches as far as Portici, consists of large 
heavy masses, bristled with points on their 
upper surface. The’ surface which rests on the 
ground is flatter: as these pieces, lie above 


* Je I’Acad. des Sciences, ann. 1757, p. 374. 
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each other, they have some resemblance to the 
waves of the sea. When the pieces are larger 
and more numerous, they assume the figure of 
rocks 

“ In cooling, the lava effects various forms. . . . 
The most common is that of tables or boards, 
ot greater or smaller dimensions. Some pieces 
are six, seven, and eight feet long. It breaks 
into this form in cooling and consolidating. 
This is the species of lava which is bristled 
with points 

“ The second species resembles great ropes : 
it is always found near the mouth of the vol- 
cano, and appears to have been suddenly fixed, 
and to have rolled before it hardened. It is 
lighter, moie brittle, more bituminous, and 
softer, than the first species. By breaking it, we 
likewise perceive that its substance is not so 
close and compact. . . . 

** At the top of the mountain, we find a third 
species of lava, which is brilliant, and composed 
of threads, which sometimes cross one another. 

It is coarse, and of a reddish violet colour 

Some fragments are sonorous, and have the figure 

of stalactites Lastly, in certain parts 

of the mountain, we find lavas of a spherical 
form, and appear to have been rolled. It is 
easy to conceive how the figures of these lavas 
might be varied by a number of accidental cir- 
cumstances*,” &c. 

Matter of every kind enters the composition 

* Mem. de I’Acad. des Sciences, ann. 1766, p.'75. 
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of Uivas. Iron and a small quantity of copper 
have been extracted from the lava found on the 
summit of Vesuvius. Some specimens are so 
impregnated with metallic substances as to pre- 
serve the flexibility of metal. I have seen two 
large tables of lava, of two inches thick, which were 
polished like marble, and bended with their own 
weight. I have seen others, which were bended 
by a wtiight, and resumed their horizontal posi- 
tion by their own elasticity. 

All lavas, when reduced to powder, arc, like 
glass, susceptible of being converted, by the in- 
tervention of water, firet into clay, and after- 
wards, by the mixture of dust and corrupted 
vegetables, into excellent soil. These facts are 
apparent from the vast and beautiful forests 
which surround i£tna, and grow upon a bot- 
tom of lava, covered with several feet of good 
earth ; the ashes are more quickly converted 
into earth than the powder of glass or of 
lava. In the craters of old extinguished vol- 
canos, as well as on the ancient rivers of lava, 
we find very fertile soils. Hence the devas- 
tations occasioned by volcanos are limited by 
time ; and, as Nature is always more disjiosed 
to produce than to destroy, she, in a few ages, 
repairs the devastations of fire, and restores to 
the earth its former fertility by the very same 
materials she had employed for the purposes of 
tlestru'tioii. 
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THEORY OF THE EARTH. 


ARTICLE XVII. 

Of new IslandSf Caverns, perpendicular Fissures, 

8Cc. 

New islands are formed in two ways, either 
suddenly, by the operation of subterraneous fires, 
or slowly, by ^he accumulated sediments of wa- 
ter. Upon this subject -we are furnished with 
indubitable facts, both by ancient historians, and 
by modern voyagers. Seneca tells us, that, in 
his time, the islan<l of Therasia * suddenly 
emerged from the sea, to the astonishment of many 
spectators. Pliny relates, that thirteen islands 
formerly arose all at once from the bottom of the 
Mediterranean, and that Rhodes and Delos are 
the chief of them. According to Animianu.s, 
Marccllinus, Philo, Pliny, &c., these thirteen 
islands were not formed by an earthquake or by 
a subterraneous explosion, but were formerly 
CQncealed under the water, which sunk and un- 


* Now called Santorini. 
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covered them. Delos was even distinguished by 
the name of Pelagia, because it formerly be- 
longed to the sea. Whether these thirteen new 
islands were produced by the action of subterra- 
neous fire, or by any other cause which dimi- 
nished the quantity of water in the Mediterra- 
nean, it is not easy to determine. But we are 
informed, by Pliny himself, that the island of 
Hiera, in the neighbourhood of Therasia, is com- 
I^osed of ferruginous masses, and of earth which 
Jiarl been thrown up from the bottom of the sea j 
and, in another place, he mentions several other 
islands which had been formed in the same man- 
ner. Upon this suhjocl, however, we have fiicts 
more recent, and less involved in obscurity. 

On the 23d day of May, 1707, at sun-rising, 
there appeared, at the distance of two or three 
miles from tlie island of Therasia or Santorini, 
something which had the resemblance of a float- 
ing rock. Some men, stimulated hy curiosity, 
approached it, and discovered that it laid arisen 
from the bottom of the sea; tl)nt it increased 
under their feet; titat oysters, and olijcr shells, 
still adhered to the rocks ; and that many pu- 
mice stones lay on its surface. Two days belbre 
this rock appeared, there hu<l been .i slight earth- 
quake in Santorini. This island continued to 
augment considerably, without any accident, till 
the 14th of June. It was then about half a mile 
in circumference, and twenty or thiity feet high, 
and the earth was white and mixed with clay. 
Alter this time, the sea began to l)e more and 
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more agitated ; vapours arose from it, which iii' 
festcd the island of Santorini, and, on the 16th of 
July, seventeen or eighteen rocks rose all at once 
from the bottom of the sea, and united into 
one mass. These phtenomena were attended 
w'ith a frightful noise, which continued two 
months ; and flames issued from the new island, 
which still augmented, both in circumference 
and height ; and the explosions were so violent, 
that they drove large stones to more than seven 
miles distance. I'iic island of Santorini itself 
was regarded by the ancients as a recent pro- 
duction: and, in 726, 1427, and 1573, it re- 
ceived considerable additions, beside the smalt 
islands formed in its neighbourhood*. The 
same volcano, which, in the days of Seneca, 
raised the island of Santorini, produced, in Pliny’s 
time, that of Hiera or Volcanella, and, in our 
days, the rock above described. 

On the 10th of October, 1720, a great fire 
was seen to arise from the sea near the island of 
Tercera. Navigators being sent, by orde? of go-' 
vernment, to examine it, they perceived, dn the 
Iflth of the same month, an island covered with 
fire and smoke; and a prodigious quantity of 
ashes was thrown to a great distance, as from a 
volcano, and accompanied with a noise similar to 
that of thunder. The earth was also perceived 
to shake in the neighbourhood ; and a vast num- 
ber of pumiee stones W'ere found floating on the 


* I’Hitt. de I’Acad. des Sciences, 1708, p. 23. 
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sea- all round the new island : this last phaeno* 
menon has sometimes been remarked in the 
-open sea *. 

The historian of the French Academyf, in 
relating this event, remarks, that, after an 
earthquake in the island of St. Michael, one of 
the Azores, there appeared a torrent of fire be- 
tween this island and that of Tercera, which 
gave rise to two licw rocks: and, in the sub- 
sequent year, the same historian gives the fol- 
lowing detail : 

“ M. de risle has informed the Academy of 
several particulars concerning the new island 
among the Azores, which he received in a 
letter from M. de Montagnac, consul at Lis- 
bon. On the 18th of September, 175^1, M. de 
Montagnac’s vessel was moored o(F the fortress 
®f St. Michael; a«d he learned the following 
particulars from the pilot of the port : 

" During the night of the 7th or 8th of De- 
cember, 17'iJ0, there was a great earthquake in 
Tercera and St. Michael, which islands arc dis- 
tant from each other about twenty-eight leagues, 
and a new island rose from the sea. It was, at 
the same time, I’emarked, that the point of the 
island of Peak, at the distance of thirty leagues, 
which formerly threw out llames, was extin- 
guished. But a continual thick smoke issued 
from the new island, which was distinctly per- 
ceived by M. de Montagnac, as long as he 


• See Phil. Traa.s. abridg. vol. vi. part ii. p. 154. 
t Ann. 1721, p. 26. 
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continued in that part. The pilot assured him^ 
that he had sailed round the island, and ap- 
proached it as near as he could with safety. 
He sounded on the south side of it with a rope 
of sixty fathoms, but found no bottom. On the 
west side, the water was much changed : it ap- 
peared to be mixed with w'hite, bl'.e, and 
green ; and, at the distance of two miles, it 
seemed to be shallow and boiling On the 
north-west, the side from which the smoke 
issued,' he found, at fifteen fathoms, a bottom of 
coarse sand. He threw a stone into the sea, 
and, at the place where it fell, he observed the 
water boil, and mount into the air with great 
impetuosity. The bottom was so hot, that, at 
two difTerent times, it melted a piece of suet 
which had been fastened to the end of the 
plumb-line. The pilot likewi.^c remarked, 
that smoke issued from a small lake, in the 
midst of a sandy plain. This island is nearly 
round, and high enough to be perceived, in 
clear weather, at the distance of seven or eight 
leagues. 

“ We have since learned, by a letter from M. 
Adrien, French consul at St. jSIichael, dated 
in March, 17^22, that the new island is consi- 
derably diminished: that it is nearly on a 
'level with the water ^ and that it will probably 
soon disappear.” 

From these, and many other facts of a similar 
nature, it is apparent that inflammable bodies 
exist under the bottom of the sea, and that they 
sometimes produce violent explosions. The 
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places where they liappen may be considered 
as submarine volcanos, which differ from com- 
mon vokcaiius only in the shorter duration of 
their effects ; for, after the fire opens a passage 
to itself, the water rushes in, and extinguishes 
them. I’he elevation of new islands neces- 
sarily leaves caverns, which are soon filled by the 
waters; and the new ground, which consists of 
matter thrown out ‘by the submarine volcano, 
must, in every respect, resemble that of the 
Monti (li Cinere, and other eminences which 
have been raised by terrestrial volcanos. It is 
on account of tlie waters rushing into the voids 
and fissures produced by explosions, that sub- 
marine volcanos exInbit their eflects less fre- 
quently than common volcanos, though both 
derive their origin from tlie same cause. 

To subterraneous, or rather submarine fires, 
must be ascribed all those ebullitions of the sea, 
and water spouts, which have been remarked iii 
different places by mariners: they also produce 
storms and earthquakes, the effects of which are 
felt equally at sea us upon land. The islands 
raised by submarine volcanos are generally 
composed of pumice stones and calcined rocks. 

Fire has frequently been observed to issue out 
of the waters of the sea. Pliny tells us, that the 
whole surface of the Thrasymen Lake has ap- 
peared to be inflamed ; and Agricola informs us, 
that, when a stone wqs thrown into the lake of 
Denstat in Thuringia, its descent was a>arked by 
a train of fire. 

iMstly, The greaf quantities of pamipe stones 
VOL, ir. I 



H i. Of NKW I^II.ANDS, See. 

iliscDVcrcd bv voyagtrs hi dhTcrciit parts of the 
ocean, us well as in the Mediterranean, evince 
the existence ot' volcanos in the bottom of the 
sea, which diifer not from those upon land, 
either in the violence of their explosions, or in 
tlie matter thev throw out, but only in their 
rarit\', and in the shortness of their duration, 
lienee it may be remarked, that the bottom of 
the sea every way resembles the surface of the 
earth, not admitting even the exception of 
'volcanos. 

Betiveen sea and land volcanos there are 
many relations. Both of them exist on the 
tojis of mountains. The Azorc islands, and 
those of the Archipelago, are only the points 
of mountains, some of which are above, and 
others under, the surface of the water. From 
the account of the new islands among the 
Azores, it appears that the place where the 
smoke issued was only fifteen fathoms deep, 
whieh, when compared with the ordinary depth 
of the ocean, demonstrates this place to l.»e the 
top of u pretty high niountain. The same re- 
mark ipay be made with regard to the new 
island near Santorini. Its depth must have been 
incon.sidcrable, since oysters were found attached 
to the rocks which rose above the surface of the 
wator. It likewise a|)pears, that' sea volcanos, 
as well as those upon land, have subterraneous 
communications ; for, at»thc very time that the 
new island among the Azores arose, the summit 
of the volcano of St. George, in the island of Peak, 
sunk. It also merits observation, that new 
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-ii^lciixls never appear but in the neighbourhood 
ufoiduiie's; and that tlierc arc. no examples of 
new islands in open seas : they ought, there- 
Ibce, to bo regarded as continuations of the an- 
cient islands; and, when volcanos happen to 
exist in tiie latter, it is not surprising that the for- 
incr should contain the same materials, which 
may by kindled either by fermentation alone, or 

bv the action of subteri'aneous winds. 

^ • 

Besides, new islands produced by earthquakes, 
or by subterraneous fires, are few in number. 
But the number of those formed by slime, sand, 
and earth, transported by rivere, or by the mo- 
tions of the sea, is almost infinite. At the 
niouth.s of rivers, such cpiantities of earth and 
sand are amassed, as frec^uently give rise to 
islands of considerable extent. The sea, by re- 
tiring from certain coasts, leaves uncovered the 
highc.st parts of the bottom, and these parts con- 
stitute so many new islands. In the same man- 
ner, when the s<'a encroaches upon the land, it 
covers the plains, and the more elevated grounds 
appear in the form of islands. It is fur this rea- 
•sun that there arc few islands in the open seas, 
and that they are so numerous near the coasts. 

Fire and water, lliuugh of very opposite na- 
tures, exhibit many elfeets so similar, that the 
one may often be mistaken for the other. Be- 
side the productions peculiar to these elements, 
as crystal, glass, Sic., they give rise to many 
great pluenomcna, which have such strung re- 
semblances, that they can hardly be distinguished. 
Water, us we Have seen, elevates mountains. 
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anti forms the greatest number of islands : some 
mountains and islands likewise derive tlieir 
origin from fire. The same observation is appli- 
cable to caverns, fissures, gulfs, &c. Some of 
them are the cfiects of fire, and others of water. 

Caverns are, in a great measure, peculiar to 
mountains: they are seldom or never found in 
plains. They are frecpient in the Archipelago, 
and other islands j because islands arc generally 
nothing but the tops of mountains. Cavcrn.s, 
like precipices, are formed by the sinking or 
mouldering of rocks, or, like abysses, by - the 
action of fire; for, to make a cavern form a 
precipice or an abyss, nothing farther is neces- 
sary than that the tops of the opposite rocks 
should come together and form an arch, which 
must frequently happen when they are loosened 
at the root, and shaken by c:artlH{uake3, or by 
the operation of time and of the weather. Ca- 
verns may be produced by the same cau.ses which 
give rise to gulfs, apertures, or sinkings of the 
earth ; and these causes are explosions of vol- 
canos, the action of subterraneous vapours, and 
earthquakes, which create such commotions in 
the earth, as must necessarily produce caverns, 
fissures, and hollows of every kind. 

The cavern of St. Patrick in Ireland is not so 
considerable as it is famous: the same remark 
niay be made with regard to the Grotto del 
Cane in Italy, and to tliat of Mount Beni- 
guazeval, in the kingdom of Fez, which throws 
out fire. There is a very large caveni in the 
county of Derby in England. It is rnucii larger 
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tJian the celebrated cavern of Bauman, near the 
Black Forest of Binnswick. I was informed by 
the earl of Morton, a philohojjher more respecta- 
ble for his merit than his hi^h rank, that the en- 
trance to this cavern, called ilie Devil’s IToie, is 
larger, than the door of any cliurch j that a stmall 
river runs through it ; that, after advancing some 
w'ay, the vault of the cavern sinks down so low, 
that, in order to proceed farther, it is necessary 
to lie flat in a boat, and to be {>ii->hcd through 
this narrow passage by people aceustocicd to the 
business; and that, after getting through, the 
roof, or arch of the cavern, rises to a great 
heighf ; and, after %valking a considerable way on 
the side of the river, the arch sinks again so low as 
to touch the surface of the water. Here the ca- 
vern terminates. 'Flie river, which seems to have 
its source in this part of the cavern, swells occa- 
sionally, and transports heaps of sand, which, by 
accuniiilating, forms a kind of blind alley, whose 
direction is dilVerent from that of the principal 
cavern. 

In Carniola, near Potpechio, there is a large 
cavern, in which is k pretty considerable lake. 
Near Adelsperg, we meet with a cavern in which 
a man may travel two tJerman miles. It contains 
several trcinenilous and deep preci|iices* . The 
Mendip bills in Somersetshire likewi.se present us' 
with extensive cavern.s, and vc'iy tine grottos. 
Near these caverns vve fiiul veins of load, and 
sometimes large oak trees, buried fifteen fathoms 


* Ste Acta orud. Lips, anno l»i89, p. .'>51. 
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deep. In the county of Gloucester, there is a 
large cavern called Pen-park-hole, at the bottom 
of which we meet with thirty-two fathoms of 
water. Here are also veins of lead. 

It is apparent that the Devil's Hole, and other 
caverns, from which large springs or brooks issue, 
have been gradually formed by the operation of 
the water, and their origin cannot be ascribed to 
earthquakes or volcanos. 

One of the largest and most singular ca\erns 
vi'e arc acquainted with, is that of Antiparos, of 
which M. Tournefort has given a comph'lo de- 
scription. We first find a rustic cave about thirty 
feet wide, divided by some natural pillars. IJo 
tvveen two pillars on the right, the groiind slopes 
gently, and then more precipitately for about 
twenty paces to the bottom of the cavern. This 
is the passage to the grotto or interior cave, ami 
is nothing but a dark hole, through which a man 
cannot pass without stooping and the assistance 
of lights. We then descend, by means of a 
rope fixed at the entrance, a horrible precipice, 
and arrive on the borders of another still more 
tremendous, with corresponding ahj-sses on the 
left. Uy a ladder placeil on the margin of 
these gulfs, we get o\’er a vast perpendicular 
rock.' We then continue to slip through places 
less dangerous. But, when vve think ourselves 
in the greatest safety, we are suddenly stopped 
by a frightful pass ; to escape through which, 
we are obliged to glide on our backs along ai 
large rock, and to de.sccnd by means of a ladder. 
When we arrive at the bottom of the laddei-, \v.- 
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stumble for some time among irregular rocks, 
and then the famous grotto presents itself. This 
grotto is about 300 fathoms below the surface 
of the earth, and it appears to be about forty fa- 
thoms high, and fifty wide. It is full of large 
and beautiful stalactites, which both depend from 
the roof of the vault and cover the floor*. 

In that part of Greece called Achaia by the 
ancients, now Livadia, there is a large cavern in 
a mountain which was formerly famous for the 
oracles of Troplionius: it is situated between the 
lake of Livadia and the sea, from which, at the 
nearest part, it is distant about four miles; and 
tlicre are no less than forty subterraneous pas- 
sages, through which the waters run under the 
mountain f . 

In all countries which are subject to earth- 
iiuakcs or volcanos, caverns are frequent. I'lie 
structure of most of the islands of the .Vrchijjc- 
lago is exceedingly' cavernous. The islands in 
the Indian Ocean, and particularly the Moluccas, 
appear to be chiefly supported u|>on vaults. 'Fhe 
land of the Azores, of the Canaries, of the Capo 
dc \'erd islands, and, in general, of almost all 
small islands, is, in many places, hollow, and lull 
of caverns; because these islands, as formerly 
remarked, are only the tops of mountains, which 
have siitVercd great convulsions either from vol- 
canos, or by the action of the waters, of frosts. 


^ Si-fi Tounicfort’s Voyage the Levant. 
I See (.ioixKiirs (Geography, p. I7‘J. 
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and of other injuries of the weather. In the Cor- 
deliers, where volcanos and earthquakes are 
frequent, there are many caverns, precipices, 
and abysses. 

The famous labyrinth in the island of Crete, 
is not the work of nature alone. We are assured 
by M. Tournefort, that, in many parts of it, the 
operation of men is evident ; .iuid, it is probable, 
that this is not the only cavern which has been 
augmented by art. Mines and quarries arc con- 
stantly digging; and after these have been long 
deserted, it is not easy to determine v\liethcr 
such excavations have been the effects of nature 
or of art.' Some quarries are amazingly exten- 
sive. That of Maestricht, for instance, is suffi- 
cient to shelter 50,000 men, and is supported by 
more than 1,000 pillars of twenty feet high; and 
the earth and rock above is twenty-five fathoms 
thick*. The salt mines of Poland (‘xhibit exca- 
vations still more extensive.' Near large cities, 
quarries and artificial hollows are common. But 
we must proceed no farther in detail. Besidt's, 
the operations of men, however great, will always 
make but an inconsiderable figure in the history 
of nature. 

In my Theory of the Earth, I iiicntioned 
only two kinds of caverns, the one produced 
by .the fire of volcanos, and the other by 
the motion of subterraneous waters. Those two 
species of caverns are not situated at great depths. 


* See Phil. Trans, abri'jg, vo?. ii. }>. 463. 
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They are even new, when compared with those 
vast cavities, which W'ere formed at the time the 
globe first assumed a solid form ; for, at this 
period, all the superficial eminences and hollows, 
and all the cavities in the interior parts of the 
earth, especially near the surface, were producetl. 
Several of those caverns, produced by the pri- 
mitive fire, after being supported for sonie time, 
have afterwards split by cooling, which dimi- 
nishes the volume of every kind of matter ; these 
would soon fall in, and, by their sinking, form 
basins or reservoirs for the sea, into which the 
waters, formerly much elevated above this level, 
ran, and abandoned the lands which they origi- 
nally covered. It is more than probable, that 
a cerlain number of these ancient caverns still 
subsist in the interior parts of the globe, and, by 
their sinking, may produce similar cifects, and 
give rise to new receptacles to the waters. In 
this cose, they will partly abandon the basin 
which they now occupy, and run, by their na- 
tural propensity, into these lower places. For 
example, we find beds of sea shells in the Pyren- 
nees 1,.5()0 fathoms above the present level of 
the ocean, lienee it is certain, that the waters, 
when these shells were formed, rose 1,500 
fathoms higher than they do at present. But, 
when the caverns, which supported the lands 
that arc now the bed of the Atlantic Ocean, 
sunk, the waters which covered the Pyrennecs, 
and the whole of Europe, would run with rapi- 
<lity into these reservoirs, and, of course, leave 
uncov red al^the lauds in this part of the world. 
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The same revolution would extend to every 
other country. The water appears to have 
never reached the summits of the highest moun- 
tains, because they exhibit no relics of marine 
productions, and no sutlicient marks of a long 
abode of the waters. However, as some of the 
matters of which they are composed, though all 
of the vitrescent kind, seem to have <lerived 
their solid! 'v and consistence from the interven- 
tion and cement of water, and as they appear 
to have been formed, as already remarked, in 
the masses of sand, or glass dust, which formerly 
lay on the peaks of mountains, but which, in 
the progress of time, have been carried down 
to their bottoms by the rains, we cannot pro- 
nounce positively, that the waters of the sea 
never stood higher than the places where shells 
are now found : the waters have perhaps stood 
much higher, even before their temperature 
permitted the existence of shells. The greatest 
height reached by the universal ocean is to us 
unknown. But we know that the watere were 
elevated from 1 ,5(M) or 2,000 fathoms above their 
present level ; since shells are found in the Py- 
rennecs at ^.'iOO fathoms, and in lh(; Cordeliers 
at 2,000. 

If all- the peaks of mountains were formed ©f 
solid glass, or of other matters’ immediately pro- 
duced by fire, it would be unnecessary to have 
recourse to the abode of the watei*s, or to any 
other cause, in order to conceive how they 
assume their consistence. But mo.st peaks of 
Xpoiinfciins seem to be eomposceV of matters. 
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which, though vitrifiabie, have acquired their so- 
lidity by the intervention of w’ater. ^Vc cannot, 
therefore, determine whether their consistence 
is solely owing to the primitive fire, or wliether 
tlie iijtervention and cement of water were not 
requisite to complete the operation of fire, and 
to bestow on these vitriliahle masses the qualities 
wiiicli they possess. Besides, this supposition 
prevents not the primitive lire*, which at first 
produced Uie greatest inequalities on the globe, 
from being the chief cause of these chains of 
inouiitains tliat traverse its surface, and particu- 
larly of their cores or nuclei ; hut the contours 
of these same mountains have jiorhaps been dis- 
post.-d and fashioned by the waters at a subse- 
quent period j for it is upon these contoure, and 
at certain heights, that shells and other produc- 
tions of the sea are found. 

'I’o acquire a clear notion of the ancient ca- 
verns formed by the primitive fire, we must 
.suppose the globe to be deprived of all its 
waters, and of all the matters which cover its 
surface, to the depth of 1,000 or 1,200 feet. By 
rcnioviiig in idea this external bed of earth and 
water, the globe will present to us the form it 
possessed about the time of its first cousolidation. 
I'lic whole mass was composed of vitreous rock, 
or, if you will, of melted glass; and this matter, 
ill cooling and acquiring consistence, produced, 
iik(‘ all Ollier melted bodies, eniincnces, depres- 
sions, and cavities, upon the whole surface of 
the glohe. '^I'liCse internal cavities, formed by 



H4 OF NEW ISLANDS, &C. 

fire, are the primitive caverns, and they are 
more numerous^ in the southern than in the 
northern rcijions; because the rotatory motion, 
which elevated the equatorial regions before con- 
solidation, likewise produced the* greatest de- 
rangement of the matter, and, by retarding the 
consolidation, would concur with the action of 
the fire in giving rise to a greater number of 
inequalities in tiiis than in any other part of the 
globe. The waters coming from the poles could 
not approach those burning regions before they 
cooled. The vaults which supported these re- 
gions have successively fallen in, the surface 
'sunk and broke in a thousand places. Tor this 
reason, the greatest inequalities of the globe are 
found in the equatorial regions. There the pri- 
mitive caverns arc more numerous than in any 
other part of the earth. They are likewise more 
profound, i. e., perhap.s five or six leagues deep ; 
because the matter of the globe, while in a liquid 
state, was agitated to that depth by the motion 
of rotation. But all the caverns in high moun- 
tains derive not their origin from the operation 
of primitive fire. Those alone which are deei)Iy 
situated below tiic mountains can be ascribed to 
this cause. The more exterior and more elevated 
have' been formed, as already remarked, by the 
operation of secondary causes. Hence the globe, 
deprived of its waters and the matters trans- 
ported by them, would present to us a surface 
much more irregular than it appears with the 
aid of this covering. The great chains of moun- 
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-tains, and their peaks and ridges, have not now 
the appearance of half of their real height. The 
whole are attached by their bases to a vitrifiable 
rock, and are of the same nature. Thus we 
should reckon three species of caverns produced 
by nature: the first by the force of the primi- 
tive firej the second by the action of water; 
and the third by that of subterraneous fires: 
each of these cavcpiis, though difierent in their 
origin, may be distinguished by examining the 
matters they contain, or by which they are sur- 
rounded. 

Volcanos and water, which form caverns in 
the bowels of the earth, produce likewise on its 
surface fissures, precipices, and abysses. At 
Cajeta in Italy, there is a mountain which had 
been formerly split by an eartliquake in such a 
manner, that the separation seems to have been 
made by the hands of men. Wc have already 
mentioned tlie Wheel-track, or great fissure in 
the island of Macliian, the abvss of Mount Ara- 
rat, the port or gap in the Conleliers, that of 
'rherinoi>yUe, &c.. To these we might add the 
gap in the mountain of the Trogloditcs in Ara- 
bia, and that of the Ladders in Savov, which was 
begun by nature, and finished by \’ictor-Ama- 
danis. Considerable sinkings in the earth, the 
fall of rucks, and the subversion of mountaitis, 
are frequently produced by the waters, as well as 
by subterraneous fires. Of this many exampb's 
might be given. 

“ In the inonih of June, 1714, a part of the 
mountain of Diableret in Valois fell suddenly. 
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and, in a few hours, tlie sky being serene, it ap- 
peared to have assumed a conical figure. It 
ilcstroycd lifty-live houses, besides several men, 
and a great many cattle ; and it covered a league 
square with its ruins. The sky was darkened 
with the dust: the collection of stones and earth, 
which were amassed on the plain, exceeded thirty 
Klienish perches in height, dammed up the wa- 
ters, and gave rise to new lakes of considerable 
dcjitiis. 13ut this phenomenon was nut accom- 
panied with the least vestige of bitumen, sul- 
phur, or calcined liine-stonc ; nor, consequently, 
of subterraneous fire : the base of thi.s great rock 
appeared to he rotten, and reduced to powder*.” 

There is a remarkable example of these sink- 
ings near Folkstoue in the county of Kent. The 
hills in the neighbourhood sunk insensibly, with- 
out any earthquake or other commotion. The 
interior jxirts of these hills consist of rocks and 
chalk ; and, by their sinking, they have pusheil 
part of the ailjacent land into the sea. A well 
attested relation of this fact may l>c .seen in the 
Philosophical 'IVansactions f . • 

In 1018, the town of Plenrs was buried un- 
der the rocks at the foot of which it had been 
situated'. In ]07t*i u great inundation was oc- 
casioned, in Gascony, by the sinking of some 
pdrtions of one of the Pyrennees, which forced 
out the water that had been pent up in the sub- 
terraneous caverns of these mountains. In the 

* Hist. «lc I’Acad. dcs Sciences, anii. 1715, p.4. 

t -Abriflg. vol. iv. p. 250. 
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year 1G80, a still greater inundation was pro- 
duced in Ireland, by the sinking of a mountain 
into caverns which had been full of water. It is 
not difficult to investigate the cause of these ef- 
fects. It is well known, that subterraneous wa- 
ters are every where frequent. These waters 
gradually work away sand and cartii in their 
passages; ami, consequently, they may, in the 
course of time, destroy tlie stratum of earth 
which servos as a basis to the mountain : if this 
stratum fail more on one side than on another, 
the mountain must, of necessity, be overturned; 
or, if the • base wastes gradually and equally 
throughout, the mountain will sink, without be- 
ing overturned. 

Having mentioned a few of those convulsions 
and changes pro<Uiecnl in the earth by what may 
be called the accidents of nature, we must not 
pass over in silence the perpendicular fissures in 
the different strata. These fissures are obvious, 
not oidy in all rocks and quarries, but in clays, 
anil ill every species of earth w'hich has never 
been renioved from its natural position. They 
are called perpendicular fissures; because, like 
the horizontal strata, they are never oblique, but 
from some accidental change. Al’uodward and 
Kny talk of fissures, but in a general and confused 
manner, and they never mention them under 
the appellation of perpendicular fissures, because 
they iinagined that, they might be iuditferently 
cither oblique or perpendicular. No author has 
hitherto attempted to explain their origin, though 
it is apparent, as remarked in a former article. 
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that tliey ha\'e been occasioned by the drying of 
the materials which compose the horizontal strata. 
In whatever manner this drying should happen, 
peipeiulicular fissures must have been a neces- 
sary consequence; for the matter of the hori- 
zontal strata could nut be diminished in size, 
without splitting, at different distances, in a di- 
rection perpendicular to the strata themselves. 
Under perpendicular fissures, 1 eomprehenrl, not 
only the' natural cracks in rocks, but all tijosc 
separations which have been effected by convul- 
sive accidents. When a mass of rock has suf- 
fered anv considerable motion, the fissures are 
sometimes placed obliquely ; but it is becausi-; 
the mass itself is oblique; and the smallest at- 
tention to quarries of marble and lime-stone, or 
to great chains of rocks, will convince us, tjiat 
the general direction of fissures is perpendicular 
to the strata in w'hich they are found. 

The bowels of mountains are chiefly com- 
posed of parallel strata of stones and rocks. 
tween the parallel strata, we often meet w’itli 
beds of matter softer than stone; and the per- 
■ pendicular fissures are filled with sand, crystals, 
metals, &c. Tlie formation of tliese last bodies 
is more, recent than that of the horizontal 
strata in which sea shells are found. I'lie rains 
hav,e. gradually detached the sand and earth from 
the tops of mountains, and left the stones and 
rocks bare, which afford an opportunity of dis- 
tinguishing with ease both the parallel strata and 
the perpendicular fissures. On the other hand, 
the rains and rivers have successively covered the 
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plains with considerable quantities of earth, sand, 
gravel, and other bodies which are either soluble 
in, or easily divisible by water. Of these have 
been formed beds of tufa, of soft stone, of sand, 
. of rounded gravel, and of earth mixed with ve- 
getable substances. But these beds contain no 
sea shells, or, at most, but fragments of them^ 
which have been detached from the mountains 
along with the eartli and gravel. These recent 
beds should be carefully distinguished from the 
ancient and original strata, in which we almost 
universally find a great number of entire shells 
placed in their natural situation. 

,In examining the internal order and distribu- 
tion of the materials of a mountain, composed of 
common stone or calciuable lapidific matter, 'we 
generally find, after removing the vegetable soil, 
a bed of gravel, of the same nature and colour 
w'ith the stones which predominate in the moun- 
tain ; and, under the gravel, we meet with the 
solid rock. When the mountain is cut by a 
deep trench or ravine, the difterent banks or 
strata are easily distinguishable. Each horizon- 
tal stratum is separated by a kind of joint or su- 
ture, which is likewise horizontal. These strata 
generally augment in thickness, in proportion to 
their depth or distance from the top of the 
mountain ■, and they are all divided, vertically, 
by perpendicular fissures. In general, the first 
stratum under the grayel, and even the second, 
are not only thinner than those which form the 
base of the mountain, but so, much cut by p^r- 

VOL. II. R 
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pendicular fissures, that small portions of thenn 
only have any coherence. Most of these fissures, 
which exactly resemble the cracks in earth that 
has been dried, gradually disappear as they de- 
scend, and, at the base of the mountain, wher^ 
they cut the larger strata in a'more regular and 
more perpendicular manner than those near the 
surface, their number is much smaller. 

These strata of rock often extend, without in- 
terruption, to great distances. Stones of the 
same species likewise are almost uniformly found 
in opposite mountains, whether they be sepa- 
rated by a narrow neck or a valley; and the 
strata never entirely disappear, unless when the 
mountain terminates in a large and level plain. 
Sometimes we find, between the vegetable soil 
and the gravel, a stratum of marl, which com- 
municates its colour, and other qualities, to the 
neighbouring beds : the perpendicular fissures in 
the inferior rocks are,, in this case, filled with 
marl, where it acquires a hardness equal, in ap- 
■ peartmee, to that of the surrounding stone ; but, 
when exposed to the air, it splits, and becomes 
soft and ductile. 

The beds of stone which compose the tops of 
mountains are generally soft and tender, but 
those near the base are exceedingly hard. The 
first is commonly white, and of a grain so fine as 
to be hardly perceptible. In proportion as they 
descend, the rocks become more compact, and 
have a better grain ; and the lowest beds are not 
only harder than the superior ones, but are also 
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more compact and heavy. Their grain is fine 
and brilliant ; and they are often so brittle as to 
break as purely and neatly as flint. 

The heart of a mountain, then, is composed 
of different strata of stones, which arc harder or 
softer in proportion to their distance from the 
summit; and they are broad at the base, and 
sharp and narrow at the top. The last is, in- 
deed, a necessary result of the first : fur, as the 
stones grow harder as they descend, it is natural 
to think, that the currents, and other motions of 
the water, which scooped out the valleys, and 
formed the contours of the mountains, must 
h.ivc gradually coiKsumerl, by their lateral fric- 
tion, the materials of which the mountains are 
composed ; and that this consumption would be 
proportioned to the hardness or softness of the 
matter acted upon. But, as the upper strata are 
known to be softest, and as their density increases 
according as they approach the base, the moun- 
tains must, of necessity, have assumed their pre- 
sent inclined, and somewhat conical figure. 
This is oik; great cause of the declivity of 
mountains ; and it must always become more 
gentle, in proportion as the earth and gravel are 
brought down by the raiu from their summits. 
For these reasons, the declivity of hills and 
mountains, composed of calcinable bodies, is 
less than that of tiiose which consist of granite, 
or of flint in large ipasses. The latter gene- 
rally rise almost perpendicularly to very great 
heights; because in these masses of vitrifiable 
matter, the supehoir, as well as the inferior itcatoi, 

K 
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are extremely hard, and have presented nearly an 
equal resistance to the operation of the waters. 

Though,* in the tops of some hills which are 
flat, and pretty extensive, we find hard stone 
■ immediately under the vegetable soil ; yet it 
should be remarked, that, in every example of 
this kind, what apj^ears to be the summit of a 
bill is only a continuation of some more elevated 
hill in the neighbourhood, ‘the upper strata of 
which consist of soft, and the inferior strata of 
hard stone ; and the hard stone found on the top 
of the first hill is only a continuation of tlie under 
strata of the higher hill. 

Still, however, on the tops of hills which are 
not surmounted by higher grounds, the stone 
is mostly of a soft and friable nature ; and hard 
stone cannot be had without digging to a consi- 
derable depth. It is between these layers of 
hard stone only that marble is to 'be found ; and 
it is variegated with different colours by metallic 
substances carried down by rain-water, and fil- 
. trated through the strata; and it is probable 
-that, in every country which furnishes stones, 
marble would be found, if pits were dug to a suffi- 
cient depth ; Quoto enim,” says Pliny , “ loco non 
sniini marmor invenitilr?” It is, in fact, a more 
common stone than is generally imagined, and 
differs from other stones only in the fineness of 
its grain, which renders it compact, and suscep- 
tible of a fine and brilliant.poiish. 

■ Both the perpendicular fissures, and the hori- 
zontal joints of quarries, are often filled, or en- 
crusted, with conia’etions. which arc sometimes 
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transparent, and of regular figures, as crystals, 
and sometimes earthy and opaque. Water runs 
through the perpendicular fissures, and even 
penetrates the close texture of the stone itself. 
Stones which are porous imbibe water so copi- 
ously, that frost splits them in pieces. Tiie rain- 
waters, by filtrating through diffijrent strata, are 
impregnated with a great variety of substances. 
They first sink through the perpendicular fis- 
sures ; they then penetrate the strata of stone, 
and deposit, in the horizontal joints, as well as 
in the perpendicular fissures, such matter as they 
collect in their course, and give rise to different 
concretions, accorrliiig to the nature of these 
substances. For example, when the water fil- 
trates through marl, clay, or soft stone, the mat- 
ter which it deposits is nothing but a fine, pure 
marl, and commonly appears in the perpendi- 
cular fissures under the form of a porous, soft, 
white, light substance, known among natu- 
ralists under the name of Lac Limx., or Medulla 
Saxi. 

When veins of water, charged with stony 
matter, run along the horizontal joints of soft 
stone or chalk, this matter adheres to the surface 
of the stones, and forms a white, scaly, light, 
and spongy crust, which, from its resemblance 
to the agaric, has been culletl mineral agaric. 
But if the .strata through which the water pene- 
trates be hard stone, the filter being closer, the 
water it allows to pass will be impregnated witli a 
atony matter more jiure and homogeneous ; an<l, 
consequently, the particles, being capable of a 
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more compact and intimate union, will form 
concretions, nearly of equal density with the 
istone itself, and somewhat transparent; In quar- 
ries of this kind, the stones are encrusted with un- 
dulated concretions, which entirely fill up the ho- 
rizontal joints. 

In grottos and cavities of rocks, which may 
be regarded as the basins or common sewers of 
the perpendicular fissures, the different directions 
of the veins of water give different forms to the 
concretions that result from them. These forms 
are generally wreathed, or resemble an inverted 
cone, attached to the roof of the cavern ; or, 
jather, they are white, hollow cylinders, com- 
posed of concentric coats. The impregnated 
waters sometimes fall in drops upon the floor of 
the cavern, and form columns, and a thousand 
whimsical figures, to which naturalists have given 
the different appellations of stalactites, stalagmites, 
osteocolla, &c. 

Lastly, When the concreting juices issue im- 
mediately from marble, or very hard stone, the 
lapidific matter is rather dissolved than suspended 
in the water, and it forms a kind of columns 
with triangular points, wiiich are transparent, 
and consist of oblique coats. I'his substance is 
distinguished by the name of spar or spalt. It 
'is transparent and colourless, except when the 
stone or marble through which it filtrates con- 
tains metallic particles. -This spar is of equal 
hardness with the stone itself, and it dissolves in 
acids, and calcines with the same degree of heat. 
Hence it is evident, that spar is a true stone, and 
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perfectly homogeneous. It may even be consi- 
dered as a pure and elemmtary stone. 

Most naturalists, however, consider this as a 
distinct substance, existing independent of stone: 
it is the lapidilic or crystalline juice, which, in 
their estimation, not only cements the particles 
of common stone, but even those of flint. This 
juice, they allege,, daily augments the density 
of stones by reiterated filtrations, and at last 
converts them into flint: when concreted into 
spar, it perpetually receives fresh supplies of still 
purer juice, which increases both its hardness 
and its density, till it changes to the consistence 
of glass, then to that of crystal, and at last it is 
converted into genuine diamond. 

But, on this supposition. Why does the lapi- 
dific juice produce stone in some provinces only, 
and nothing but flint in others ? It may be said, 
that the one province is less ancient than the 
other, and that the juice has not had time sufli- 
cient to complete its natural operations. But in 
this there is not the shadow of probability. Be- 
sides, from whence docs this juice proceed? If it 
gives rise to stones and flints, from whence does 
it derive its own origin ? It is obvious, that it 
has no existence independent of those substances 
which alone can impart to the water that pene- 
trates them a petrifying quality, that uniformly 
corresponds with their nature and peculiar pro- 
perties. Thus wheiv it filtrates through stone, it 
produces spar; when it issues from flint, it furius 
crystal; and there are as many species of this 



136 OF NEW ISLANDS, &0. 

juice as of bodies from which it procee<1s. Ex- 
perience confirms this account of the matter. 
The waters which filtrate througli quarries of 
common stone form tender and calcinable con- 
cretions similar to the stones themselves. On 
the other hand, the waters wliich exude, from 
granite or from flint, produce concretions hard 
and vitrifiable, and they have all the other pro- 
perties of flint, as the forn'ier had all tiiosc of 
stone. In the same manner, the waters, whicli 
filtrate through mineral and metallic substances, 
give rise to pyrites, murcusites, and metallic 
grains. 

It was formerly remarked, that all matter 
might be divided into the tw'o great classes of 
vitrifiable and calcinable. Clay and flint, marl 
and stone, may be regarded as the two extremes 
of each class, the intervals between which arc 
filled with an almost infinite variety of mixts, 
that have always one or otlier of these substances 
for their basis. 

The substances belonging to the first class can 
never acquire the properties of those of the 
latter. Stone, however ancient, will for ever be 
equally removed from the nature of flint, as clay 
is from that of marl. No known a'j'cnt can ever 
force them from the circle of combinations pe- 
culiar to their nature. Places which produce 
marble and stone will always continue to do .so, 
as intallibly as those that- produce only .sand- 
stone, flint, and granite, will never produce 
lime-stones or marble. 
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If we examine the order and distribution of 
the materials of a hill composed of vitrifiable 
substances, we shall generally find, under the 
vegetable soil, a stratum of olay, which is like* 
wise a vitrifiable substance, analogous to flint, 
and which, as already remarked, is only a de* 
composition of vitrifiable sand> or, rather, we 
shall find, under the soil, a stratum of vitrifiable 
sand. This .stratum of clay or of sand corre- 
sponds with the bed of gravel in hills consisting 
of calcinable matters. Below th'e stratum of 
clay or of sand, we meet with some beds of free- 
stone, which seldom exceed half a foot in thick- 
ness, and they are divided into small portions by 
perpendicular fissures. 'Under these are several 
strata of the same matter, and likewise beds of 
vitrifiable sand. In proportion as we descend, 
the free-stone is more dense, and its thickness 
increases. Below these, we find what 1 call live 
rock, or flint in large masses, a substance so 
hard as to resist the file, and all kinds of acids, 
more powerfully than vitrifiable sand or powder 
of glass, upon which aquafortis seems to have 
some effect. When struck with another hard 
body, it throws out sparks of fire, and exhales a . 
penetrating sulphureous vapour. This flinty 
substance is commonly found along with beds of 
clay, of slate, of pit-coal, of vitrifiable sand; and 
it corresponds to the strata of hard stone and 
inarbl(\ which serve "as the bases of hills that 
consist of calcinable matter. 

'I'he waters, in passing through the perpendi- 
cular fissures, and in penetrating the strata of 
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vitrifiable sand, of free-stone, of clay, and ol 
slate, are impregnated with the finest' and most 
homogeneous particles of these substances, and 
produce various concretions, such as talc, as- 
bestos, and other bodies, which owe their exist- 
ence to distillation through vitriliable matter. 

Flint, notwithstanding its hardness and den- 
sity, has, like marble and conamon stone, its ex- 
udations, from which result stalactites of different 
species, varying in transparency, colour, and 
configuration, according to the nature of the 
flint that produces them, and to the different 
metallic or heterogeneous particles it contains. 
Rock crystal, all tire precious stones, and even 
the diamond itself, may be regarded as stalac- 
tites of this kind. The flints in small masses, the 
strata or coats of which are generally concentric, 
are only stalactites or parasitical stones from 
the flints in large masses; and most of the fine 
opaque stones are nothing but species of flint. 
The substances produced by the vitrifiable class 
of bodies are not, as we have seen, so various 
as the concretions formed by those of the calci li- 
able. Most of the concretions formed by flint 
are hard and precious stones; but those pro- 
duced by calcarious stones are friable, and of no 
'value. 

'Perpendicular fissures are found in flint rocks 
as well as in stone. They arc even frequently 
larger in flint, which proves this substance to be 
drier than stone. Both the hill consisting of cal- 
cinable, and that composed of vitrifiable matter, 
hare clay or vitrifiable sand for their bases, which 
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are the most commonly diffused matters pf the 
globe, and which I regard as the lighcest, being 
the scoriae of the vitrified matter that constitutes 
the interior parts of the earth. Thus all moua- 
tains, as well as plains, are founded either on clay 
or sand. . We have seen, for example, in the 
pits of Amsterdam, and in that of Marly-la-Ville, 
that vitriflable sand was always the deepest 
stratum. 

It may be observed, in most bare rocks, that 
the walls of perpendicular fissures, w'hether they 
be narrow or wide, correspond as exactly with 
each other as split pieces of wood. In the large 
quarries of Arabia, which consist mostly of gra- 
nite, the perpendicular fissures are frequent; and 
though some of them are twenty or thirty yards 
wide, the sides correspond exactly, and leave a 
deep cavity between them*. It is likewise com- 
mon to find, in perpendicular fissures, shells di- ' 
vided into two pieces, each piece remaining at- 
tached to the opposite sides of the fissure; which 
proves that these shells were deposited in the solid 
stratum before it was split f. 

In some ({iiarries mentioned by Mr. Shaw, the 
perpendicular fissures are exceedingly large; and 
for this reason, perhaps, they are less numerous. 
In quarries of granite and flint in large masses, 
blocks of stone may be raised, as the obelisdcs and 
columns at Home, of 60, 80, 100, and 150 feet 
long, without the least interruption. It appears, 
that tlu‘so vast blocks have been raised from the 


* Svi? Shiiw’s Travels, 


f See Woodward, p. 298. 
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same quarryj and, like some’species of free>stone, 
that they rnay be had of any given thickness. 
In other substances, the perpendicular fissures 
are very narrow, as in clay, in marl, and in 
chalk ; and they are wider in marble and hard 
.rtone. Some are imperceptible, because they 
have been filled with a matter nearly similar to 
that of the stone itself; but still they interrupt 
the continuity of the stones, and are called hairs 
by the workmen. I have often remarked, that 
these hairs in marble and stone differed from 
perpendicular fissures only in the separation of 
parts not being complete. These species of fis- 
sures are filled with a transparent matter, which 
is a true spar. In quarries of free-stone, the 
fissures are numerous, and considerably large, 
because rocks of this kind have often a less .solid 
base than that which supports marble or lime- 
stone, the former generally resting upon a fine 
sand, and the latter upon clay. In many places, 
free-stone is not to be found in large masses; and 
in most quarries, where this stone is good, the 
blocks lie irregularly upon one another, in the 
form of cubes or parallelopipeds, as in the hills 
of Foiintainbleau, which appear, at a distance, 
like the ruins of old buildings. This irregular 
■disposition has been occasioned by the sandy 
foundation of these hills allowing the blocks to 
sink and tumble iqion each other, e.specialiy 
where quarries have been formerly wrought, 
which has given rise to a great variety of fissures 
and intervals between the different blocks: and 
it may be remarked, in all countries abounding 
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with sand and free-stone, that there are many 
fragments of rpcks and large stones in the middle 
of the plains and valleys ; and that, on the con- 
trary, in countries abounding with marble and 
hard stone, these scattered fragments, which 
have rolled down from the hills, are exceedingly 
rare. This phsenomenon is owing to the dif- 
ferent solidities of the bases upon which these 
stones are supported, and to tlio extent of the 
banks of marble or lime-stone, which is always 
more considerable than that of free-stone^ 
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ARTICLE XVIII. 

Of the Effects of Rains — Of Marshes, Subten'a^ 
neoifs Wood and Waters. 

It has already been remarked, that rains, and 
the currents of water wliicli they produce, con- 
tinually detach, from the summits and sides of 
mountains, earth, gravel, &c., and carry them 
down to the plains ; and that the rivers trans- 
port part of them to the sea. 'I'lic plains, tliere- 
^ fore, by fresh accumulations of matter, are per- 
petually rising higher; and the mountains, for 
the same reason, are constantly diminishing both 
iq size and devation. Of the sinking of moun- 
tains, Joseph Blancanus relates several ^Pbts 
' which were publicly known in his time. The 
steeple of the village of Craich, in the county of 
Derby, was not visible in 1572, from a certain 
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mountain, on account of a higher- mountain 
which intervened; but eighty or one hundred 
years aftenvards, not only the steeple, but like- 
wise part of the church, were visible from the 
same station. Dr. Plot gives a similar example 
of a mountain between Sibbertoil and Ashby, in 
the county of Northampton. Sand, earth, gra^ 
vel, and small stones, are not only carried down 
by the rains, but they sometimes undermine and 
drive before them large rooks, M'hich consider- 
ably diminish the height of mountains. In ge- 
neral, the rocks are pointed and perpendicular 
in proportion to the height and steepness of 
mountains. The rocks in higii mountains 
are very straight and naked. The large frag- 
ments which appear in the valleys have been de- 
tached by the operation of water and of frosts. 
Thus sand and earth are not the only substances 
detached from mountains by the rains ; they at- 
tack the hardest rocks, and carry down large frag- 
ments of them into the plains. At Nant-phran- 
con, in 1685, a part of a large rock, which was 
supported on a narrow base, being undermined 
by the waters, fell, and split into a number of 
fragments, the largest of which made deep 
trenches in the plain, crossed a small river, and 
stopped on the other side. - To similar accidents 
we must ascribe tlie origin of all those large stones 
which are found in valleys adjacent to moun- 
tains. This phenomenon, as formerly remarked, 
is m<Mre common in countries where the moun- 
tains are composed of sand and free-stone, than 
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in those the mountains of whicli consist of clay 
and marble j because sand is a Jess solid basis 
than clay. 

To give an idea of the quantity of earth de- 
tached from mountains by the rains, we shall 
quote a passage on this subject from Dr. Plot’s 
Natural History of Stafford. He remarks, that 
a great number of coins, struck in the reign of 
Edward IV. i. e. 200 years ago, were found- 
buried eighteen feet below the surface: hence, 
he concludes, that the earth, which is marshy 
where the coins were found, augments about a 
foot in eleven years, or an inch and a twelfth 
each year. A similar observation may be made 
on trees buried seventeen feet below the surface, 
under which were found medals of Julius Caesar. 
Thus, the soil of the plains is considerably aug- 
mented and elevated by the matters washed 
down from the mountains. 

The rupture of caverns, and the action of sub- 
terraneous fires, are the chief causes of the great 
revolutions which happen in the earth ; but they 
are often produced by smaller causes. The fil- 
tration of the water, by diluting the clay, upon 
which almost ail calcarious mountains rest, has fre- 
quently made those mountains incline and tum- 
.ble down. Of these remarkable events I shall 
subjoin some examples. 

“ In the year 17«57,” says M. Perronet, “a 
part of the ground situated about half way before 
we arrive at the Castle of Croix- fontaine, opened 
in many places, and successively tumbleid down. 
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The terrace wall, which inclosed this ground^ 
Was overtiiriied, and the road, which was formerly 
at the foot of the wall, was obliged to be carried 
to a considerable distance. . . ; . . This ground 
•rested upon a base of inclined darth.” This 
learned and chief engineer of our highways and 
bridges mentions another accident of the same 
kind, which happened, in the year 1733, at Par> 
dines, near Issoire, jn Auvergne. The ground, 
for about 400 fathoms in length by 300 in 
breadth, descended upon a pretty distant mea- 
dow, with all its houses, trees, and herbage. He 
adds, that considerable portions of ground are 
sometimes transjjorted either by the rupture of 
reservoirs of water, or by tlie sudden melting of 
snows. In 1757i at the village of Guet, about 
ten leagues from Grenoble, on the road to Brian- 
^’on, the whole ground, which lies on a declivity^ 
slipped, and descended in an instant towards 
'Drac, which is about a mile distant. The earth 
split in the village, aiui the part which moved off 
was six, eight, and nine feet lower than its former 
station. This ground was situated on a pretty 
solid rock, which was inclined to the horizon 
about forty degrees *. 

To tiie.se examples I .shall add another fact, of 
which 1 have been a constant witness, and which 
has cost me a considerable expense. The de- 
tached rising ground, upon whicli the town and 
old castle of Montbard are situated, is elevated 
140 feet above the level of the river, and its most 


* IliRt. di- I’Acad. des Sciences, ann. 1769, p- 2S3- 
VOL. II. L 
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rapid descent is to the north-east. This ri»n^ 
ground is crowned with calcarious rocks, the 
strata of which, when taken together, are fifty- 
four feet thick. They every where rest upon a 
mass of clay, which, pf course, before reaching the 
level of the river, is eighty-six feet thick. My 
garden, whicli is surrounded with several terraces, 
is situated on the top of this rising ground. 
From twenty-five to twenty-six fathoms of the 
last terrace wall on the north-east side, where the 
declivity is greatest, gave way all at once, carry- 
ing along the inferior ground, which would have 
gradually descended to the level of the ground 
near the river, if its progressive motion had not 
been prevented by taking down the whole wall. 
This wall was seven feet thick, and founded pn 
clay. The movement of the earth was very slow : 
I perceived that it was evidently occasioned by 
the insinuation of water. All the water w’hich 
fails upon the platform on the top of this rising 
ground, penetrates through the fissures of the 
rocks, and reaches the clay upon which they rest ; 
of this fact we are ascertained by two wells dug 
from the top of the rock to the clay. All the 
rain-water, therefore, which falls upon this plat- 
forni and the adjacent terraces, -collects upon the 
clay where the perpendicular fissures of the rock 
terminate. The water crives ri.se to small rills in 
different places, vvliicli are rendered still more «p- 
parent by several wells dug below the rocks. 
Wherever this mass of clay is cut by ditclves, we 
see the vi’atcr filtrating from above. It is not, 
therefore, surprising, that walls, however solid. 
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should slip upon this first bed of moist clay, if 
they are not founded much lower, as I have 
done in rebuilding them. The same thing, how- 
ever, has happened on the north-west side, where 
the declivity is gentler, and no rills of water ap- 
]>car. The clay had been removed at the distance 
of twelve or fifteen feet from a great wall, of 
eleven feet thick, thirty-five feet high, and twelve 
futhoms long. This wall is constructed of good 
materials, and has subsisted more than 900 
years. Tlie cut from which the clay was removed, 
though not above four or five feet deep, has pro- 
duced a movement in this immense wall. It de- 
clines from the perpendicular about fifteen inches, 
and I could only prevent its dowtifal by abut- 
ments of seven or eight feet thick, and founded at 
the depth of fourteen feet. 

From these facts I drew the following conclu- 
sion, which is not .so interesting at present as 
it would have been in ages that are past, that 
there is not a castle or fortress, situated upon 
heights, which might not be easily tumbled into 
the plain by a simple cut of ten or twelve feet, 
deep and some fathoms w'ide. This cut should be 
made at a small distance from the last wall, and 
upon that side where the declivity is greatest^ 
This method, of which the ancients never 
dreamed, would have saved them the operation 
of battering rams and other engines of warj 
and, even at present, might be employed, in 
many cases, with advantage. I am convinced 
by my eyesr Uiat, when these walls slipt, if the 
cut made for rebuilding them had not been 

L2 
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speedily filled with strong mason work, the an- 
cient walls, and the two towers that have sub- 
sisted in good condition yoo years, and one of 
which is 1‘2<5 feet high, would have tumbled into 
the valley, along with the rocks upon which they 
are founded. As most of our hills composed of 
calcanous stones rest upon a clay base, the first 
strata of which are always more or less moistened 
with the waters that filtrate through the crevices 
of the rocks, it appears to be certain, that, by ex- 
posing the.se moistened beds to the air by a cut, 
the whole mass of rocks and earth resting upon 
the clay would slip, and in a few days tumble 
into the cut, especially during wet weather. 
This mode of dismantling a fortress is more 
simple than any hitherto invented ; and experi- 
ence has convinced me that its success is cer- 
tain. 

The sand, gravel, and earth, carried down from 
the mountains into the- plains, form beds which 
ought not to be confounded with the original 
strata of the globe. To the former belong the 
beds of tufa, of sod stone, and of sand and gra- 
vel which have been rounded by the operation 
of water. To these may be added those be«ls 
of stone which have been formed by a species of 
incrustation, none of wind) derive their origin 
• from the motion or sediments of the sea. In 
these strata of tufa and of soft imperfect stonc.s, 
we find a number of different vegetables, leaves 
of trees, Ikhd or river shells, and small terrestrial 
.animals, but never sea shells, or other prodiic- 
tioas of the ocean This circumstance, joined 
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to their want of solidity, evidently prov es, that 
these strata have been superinduced upon the dry 
surface of the earth, and that they are more re- 
cent than those of marble and other stones, which 
contain sea shells, and have been originally formed 
by the waters of the sea. Tufa, and other 
new stones, appear to be hard and solid when 
first dug out of the earth ; but they soon dissolve 
after being exposed ito the operation of the wea- 
ther. Their substance is so diflerent from that 
of true stone, that, when broken down in order 
to make sand of them, they change into a kind 
of dirty earth. The stalactites, and other stony 
concretions, which M. Tournefort apprehended 
to be marbles that had vegetated, are not ge- 
nuine stones. We have already shown, that the 
formation of tufa is not ancient ; and that it is nut 
entitled to be ranked with stones. Tufa is an im- 
perfect substance, ditlering from stone or eartli, 
but deriving its origin from both by the itjtcr- 
vention of rain-water, in the same inannta’ as 
incrustations arc formed by the waters of certain 
springs. Thus, the strata of these substances are 
not ancient ; nor have they, like the otlier spe- 
cies, been formed by sediments from tlu; waters 
of the ocean. The strata of turf are also recent, 
and have been \M’oduccd by successive accumula- 
tions of half corrupted trees and other vegetables, 
which owe their preservation to a bituminous 
earth. No prodncticAi of tlie sea ever api)ei\rs in 
any of these new strata. Hut, on the contrary, 
we find in them jnany vegetables, the bones of 
land animals, and land and river shelU'. In the- 
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meadows near Ashly, in the county of North- 
ampton, for example, they find, several feet 
below the surface, snail shells, plants, herbs, and 
several species of river shells, well preserved j 
but not a single sea shell appears *. All these 
new strata have been formed by the waters on 
the surface changing their channels, and diffus- 
ing themselves on all sides. ,Part of these waters 
penetrate the earth, and run along the fissures 
of rocks and stones. The reason why water 
is so .seldom found in high countries, or on the 
tops of hills, is, because high giounds arc ge- 
nerally composed of stones and rocks. To find 
water, therefore, we. must cut through the rocks 
till we arrive at clay or firm earth. But, when 
the thickness of the rock is great, as in high 
mountains, where the rocks arc often 1,000 feet 
high, it is impossible to pierce them to their base; 
and consequently it i.s impossible to find water in 
such situations. There are even extensive coun- 
tries that afibrd no water, as in Arabia Petrea, 
which is a desert where no rains fall, where the 
surface of the earth is covered with burning 
sands, where there i< har<lly the appearance of 
any soil, and where nothing but a few sickly 
plants are produced. In this miserable country, 
W’ells are so rare, that travellers enumerate only 
five between Cairo and Mount Sinai, and the 
water they contain is bitter and saltish. 

When the superficial waters can find no out- 
lets or channels, they form marshes and fi.ns. 


* See Phil. Trans, abridg. vol. iv. p. 271. 
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The most celebrated fens in Europe are those of 
Russia, at the source of the Tanais ; and those of 
Savolaxia and Enasak, in Finland : there arc also 
considerable marshes in Holland, Westphalia, and 
other countries. In Asia are the marshes of the 
Euphrates, of Tartary, and of the Pains Mcotis. 
However, marshes are less frequent in Asia and 
Africa than in Europe. Rut the whole plains 
of America may be regarded us one continued 
marsh ; which is a greater proof of the modern- 
ness of this country, and of the scarcity of its 
inhabitants, than of their want of industry. 

There are extensive fens in England, par- 
ticularly in I..incolnshirc, near the sea, which has 
lost a great quantity of land on one side, and 
gained as mucii on the other. In the ancient 
soil, many trees arc found buried under the new 
earth, which has been trans[)ortcd and deposited 
by the water; the same phienomcnon is com- 
mon in the marshes of Scotland. Near Bruges 
in Flanders, in digging to the depth of forty or 
fifty feet, a vast number of trees were found, as 
close to each other as they are in a forest. Their 
trunks, branches, and leav(;s, were so well pre- 
served, that their ditferent species could be easily 
distinguished. About .500 years ago, the earth 
where these trees were found was covered with 
the sea : and, before this time, we have neither 
record nor tradition of its existence. It must, 
however, have been <lry land when the trees 
grew upon it. Thus the land, that, in some re- 
mote period, was»firm, and covered with woofl. 
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bas been overwhelmed with the watfFs! of the 
sea, which, in the course of time, have deposited 
forty or fifty feet of earth upon the ancient sur- 
face, and then retired. A number of subterra- 
neous trees was likewise discovered at Youlc in 
Yorkshire, near the river Humber. Some of them 
are so large as to be of use in building ; and it is 
aiiirmed that they are as durable as oak. 'fhe 
country people cut them into long thin slices, 
and sell them in the neighbouring villages, where 
the inhabitants employ them fur lighting their 
pipes. All these trees appear to be broken; ami 
the trunks are separated from the roots, as if 
they had been thrown down by a hurricane or 
an inundation. The wood appears to he (ir, it 
has the same smell when burnt, and makes the 
same kind of charcoal *, In the Isle of Man, 
there is a marsh called Curragh, about si.\ miles 
long and three broad,. where .subterraneous lir 
trees are found; and, though eighteen or twenty 
feet below the surface, they stand firm on their 
roots f. These trees gre common in the marshes 
and bogs of Somerset, Chester, Lancashii'e, and 
Stafford. In some places, there are subterraneous 
trees, which have been cut, sawed, and srpiared 
by the hands of men ; and even axes, and other 
, implements, are often found near tln.-m. Between 
Birmingham and Bromley, in the county of 
Lincoln, there are liijls of a fine light .sand. 


*See Plii*. Trans, mini. 22>i. 

+ See Ray's Discourses, p. 232. 
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ivhich is blown nbout by the winds, and trans- 
ported by the rains, leaving bare the roots of 
large firs, in which the impressions of the axe are 
still exceedingly apparent. These hills have un- 
questionably been formed, like downs, by suc- 
cessive accumulations of sand transported by the 
motions of the sea. Subterraneous trees are also 
.frequent in the marshes of Holland, Friesland, 
and near Groningen, which abound in turfs. 

In the jurisdiction of Ilergues-Saint-AVinock, 
Fnrnes, and Bourbourgh, we find turf at three or 
four feet below the surlace. Tiiese beds of turf 
are generally two feet thick, and are eo.nposed of 
corru|ned wood, of entire trees, with their 
branches and leaves, and particularly of filberds, 
vvhieli are known by their nuts, and the whole is 
jiitcrlaccd with reeds and the roots of plants. 

What is the origin of these beds of turf, which 
extend fi'oin Bruges tlnxnigli the whole flat coun- 
try of Flanders as far as the river Aa, between the 
downs and tlic high country in the environs of 
Bergues, &c. ? In remote ages, when Flanders 
was only a vast forest, a sudden inundation of the 
sea must have deluged the whole country, and, 
in retiring, deposited all the trees, wood, and 
twigs, which it had eradicated and destroyed in 
this lowest territory of Flanders j and this event 
must iiavc iiappencd in the month of August or 
Sepfeiiilicr ; because we still find the leaves of 
trees, as well as inits,*on the filberds. This iiiun- 
d.itiini must have taken place long before that 
province was conquered by Julius CiKs.ir, since 
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no mention is made of it in the writings of the 
ancients *. 

In the bowels of the earth we sometimes find 
vegetables in a different state from that of com- 
mon turf. For example, in Mount Ganelon, 
near Compeigne, we find, on one side of the 
mountain, quarries of fine stones and the fossil 
oysters formerly mentioned, and, on tlie other 
side, we meet with a bed of the leaves of all kinds 
of trees, and also reeds, the whole blended toge- 
ther and inclosed in mud. When these leaves 
are stitred, we perceive the same musty odour 
which we feel on the margin of the sea; and 
these leaves preserve their odour during several 
years. Besides, the leaves are not destroyed; 
for we can easily distinguish their species : they 
are only dry, and slightly united to each other by 
tlie mud f . 

** We distinguish,” AI. Guettard remarks, 
** two species of turf ; the one is composed of 
marine, and the other of terrestrial plants. We 
suppose the first to have been formed when the 
sea covered all those parts of the earth wliich are 
now inhabited. The second is supposed to have 
been superinduced upon the former. According 
to this system, it is imagined that the currents 
carried the sea plants into the hollows formed by 
the mountains, which were elevated above the 

* Mem. pour la SulKh-logation «ic Dunkerque, rclativcmcnt 
\ Xiit. fJc cc C;.ituoii. 

f Letlrc fic M. LesclKTin a M. dc* Bufloii; Compeigne^ 8 
Aout, 1772. 
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waters, and, after being tossed about by the waves, 
were deposited in the hollov/s. 

“ This origin of turf is not impossible : the 
great quantity of sea plants is suflicient to ac- 
count for the phaenomenon. The Dutch even 
allege, that the goodness of their turf is owing to 
the bitumen with which tlie sea water is impreg- 
nated, and that , they were formed by sea 
weeds. 

The turf pits of Villeroy are situated in the 
valley through which the river Essone runs; and 
part of this valley extends from Roissy to Es- 

charcun It is even near Roissy that 

turfs were first dug But those near Es- 

charcon are the best 

” Tlie meadows where turf is dug are open 
and bad : they are fdled with rushes, horse-tail, 
and other plants, which grow in bad soils. These 
nieadows are dug to the depth of eight or ten 

feet Next to the upper stratum, there 

is a bed of turf about a foot thick, and impreg- 
nated with river and land shells 

“ Tins be<l of turf, filled with shells, is com- 
monly earthy : those wliich succeed are nearly 
of the same thickness, and arc always better as 
we descend. These turfs are of a blackish brown 
colour, intermixed with reeds, rushes, and other 

plants. A\'c see no shells in these beds 

“ In masses of turf we sometimes find the 
stems (if willows and poplars, and sometimes the 
roots of these and similar trees. On tlie Es- 
charcon side, an ouk was discovered at the depth 
of nine feet. It was black, and almost corrupted. 
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It crumbled into dust, after bein^ expo$cd to the 
air. Another was found, on the Roissy side, be- 
tween the soil and the turf, at tiie deplii of two 
feet. Near EschiiLjon, the horns of a s;ag were 
found three or four I’eet below the snrfexe 

“ Turfs are perhaps equally abundant in the 
environs of Etampes, as near Villcroy. These 
turfs contain but very little moss. Their colour 
is a fine black. They are heavy, and burn well 
in an ordinary fire. Good charcoal might be 
made of them 

** The turfs in the neighbourhood of Etampes 
may be considered as a continuation of those of 
Villeroy. In a word, all the meadows adjacent to 
the river of Etampes arc probably full of turf. 
The same remark is applicable to the meadows 
through W'hich the river Essone runs: these mea- 
dow's produce the same plants as those of Etam- 
pes and Villeroy 

Accoriling to this author, there are in France 
a number of places from which turf may be ob- 
tained, as at Bourneuilic, at Crone, near Beau- 
vai.s, at Brmieval, in the environs of Peronno, in 
the diocese of Troyes in Champagne, &c. 'flus 
combustible substance would be a great resource, 
if it were used in such places as want wood. 

.There arc likewise turfs near Vitri-lc-Franvois, 
and in the morass along the Marne. These 
turfs are good, and contain great quantities of 
acorn shells. The marsh of Suint-Gon, in the 
environs of Chalons, is full of turf, which the 

Up 


Mfrii. do l\'icad. drs Sciences aim. 1701, p 3SO — 397. 
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inhabitants will soon be obliged to use for want 
of wood *. 

Subterraneous trees are of different species, 
viz. firs, oaks, birch, beech, yew, hawthorn, 
willow, ash, &c. In the fens of Lincoln, along 
the river Ouse, and on Ilatfield-chace in York- 
shire, these trees stand erect, as if they were 
growing in a forest. The oaks are extremely 
hard, and are used in building, where they are 
said to last long, which I think improbable, as 
all the specimens I have examitied lose their so- 
lidity, after being dried and exposed to the air. 
The ashes are tender, and soon fall into dust. 
Some of these trees are evidently cut and sawed 
with instruments; and the hatchets, which are 
sometimes found along with them, resemble the 
knives formerly used in sacrifices. Beside trees, 
we also meet with vast (jnantities of filberds, 
acorns, and fir-cones, in many other fens, in 
England, Scotland, and Ireland, as well as in 
the marshes of France, Switzerland, Savoy, and 
Italy f. 

For four mile.s rouiul the town of Modena, 
whenever the earth is dug to the depth of sixty- 
three feet, the workmen pierce about five feet 
more with a boring instrument, through which 
the water rushes up with such impetuosity, that 
it fills the wells to the top, almost instant.i- 


• Note communicated’ to M. tie Button, by M. Greignon, 
Aug. 0, 1777. 

f Sue Phil. Trans, abridg. vul. iv. p. 2 IS, 
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neoiisly. The water in these wells continues 
perpetually, and is neither augmented nor dimi* 
uished by rains or drought. AVhat is still more 
remarkable in this spot, whenever the workmen 
dig to the depth of fourteen feet, they find the 
rubbish and ruins of an ancient city, paved 
streets, houses, and difierent pieces of Mosaic 
work. Below this, the earth is solid, and ap> 
pears not to have been moved. Still lower, how- 
ever, we find a moist soil, mixed with vegetables ; 
and, at the depth of twenty-six feet, entire trees, 
as filberds, with nuts upon them, and great 
quantities of branches and leaves. At twenty- 
eight feet, there is a stratum of soft chalk, eleven 
feet thick, mixed witli sea shells; and after this 
w^’e still meet with vegetables, leaves and branches 
of trees, till we arrive at the depth of sixty-three 
feet, where there is a stratum of sand mixed 
with gravel and shells, similar to those which 
appear on the coasts of Italy. These successive 
strata lie ahv.ays in the same order, wherever 
pits have been dug; an<l .sometimes the boring 
instrument falls in with the trunks of large trees, 
which the woi’kmen pierce with great labour; 
they likewise meet with bones of animals, pit- 
coal, flints, and pieces of iron. Kamazzini, 
W'ho relates these facts, thinks, that the gulf of 
Venice formerly extended l>eyond Modena, and 
that this land, in the j>rogrcss of time, has been 
gradually formed by the rivers, assisted, perhap.?, 
by inundations of the .sea. 

“ In the territories of the duke of Saxe-Co- 
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burg, which lie oil the frontiers of Franconia 
and Saxe, and at some leagues from the 
town of Coburg, were found, at a small depth, 
whole trees, so completely petrifled, that they 
were as beautiful and hard as agates. Some spe- 
cimens of them were given by the princes of Saxe 
to M. Schoeptlin, who transmitted, two of them 
to M. de Butlbn for the Royal Cabinet. Vases 
and other beautiful utensils have been made of 
this petrified wood*.” 

Wood in its natural state has likewise been 
found at great depths. M. dii Verny, an officer 
of artillery, sent me some specimens of it accom- 
panied with the following letter: “ The town of 
Fere, in the garrison of which I am stationed, on 
the 1.5tb of August, 1753, ordered a search to be 
made for water by means of boring; at thirty- 
nine feet below the surface, they found a bed of 
marl, which they continued to pierce for 121 
feet: hence, at the depth of lOO feet, they found, 
at two different trials, the augre filled with marl, 
intermixed with numerous fragments of wood, 
which every jiersou easily recognised to be oak. 

1 send you two specimens of this wood. During 
the succeeding days’ operations, they continued 
to find the same marl, but not so much mixed 
with wood, as far as the depth of 2 10 feet, where 
they ceased to boref.” 

“ In the territory of Coburg, which is a 


* LeUro de M. Sciioopiliii, Strasbourg, Sept. 24-, 1746. 

+ Lettre do M. Bresse du Verny; La Fere, Nov. 14, 1753. 
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branch of the house of Saxe, we find,” Af. Justi 
remarks, “ petrified wood of' a prodigious size. 
In the uiouutains of Misnia, entire trees have 
been dug out of the earth, which were converted 
into very fine agate. The imperial cabinet 
of Vienna contains many petrifications of this 
kind. A great log of this wood was sent to the 
same cabinet: the part which had been wood 
was changed into a beautifel agate of n grayish 
black colour; and, instead of bark, the trunk 
was surrounded with a belt of fine white 
agate 

“ The present emperor wished that a method 
of ascertaining the age of petrifactions might be 

discovered Ho ordered his ambassador 

at Constantinople to ask permission' to take up 
from the Danube one of the piles of Trajan’s 
bridge, which is some miles below- Belgrade. 
'l’hi.s permission being granted, one of the piles 
was drawn up, which it was imagined would 
have been petrified by ' the water. But, after 
such a lapse of time, it w'as discovered that the 
process of ])etrifaction had made very, little pro- 
gress. Tliough this pile had remained in the 
Danube above 1,600 years, the petrifaction bad 
not proceeded above tliree quarters of an inch, 
and even less. The rest of the wood was very 
'little altered, and had only begun to be caU 
tfiiied. 

“ If a just conclusion, with regard to all other 
petrifactions, could be drawn from this single 
tact, nature woidd perhaps require 50,000 years 
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to change trees, of the size of those found petri- 
fied in certain places, into stonest But, in par^' 
ticular situations, many causes may concur in 
hastening the process of petrifaction. ..... 

“ At Vienna there is to be seen a petrihed 
log, which was brought from the Carpathian 
mountains in Hungary. Upon this log the 
marks of the hatchet, which had been made 
before its jjctrifaction, are distinctly visible j 
and these marks are so little altered by the 
change the wood has undergone, that we per- 
ceive they have been made. by a small instru- 
ment - 

“ Besides, it appears that petrihed wood is not 
so rare as is cominunly imagined; and that, 
to discover it in many places, requires only the 
nice eye of a naturalist. Near Mausfield, I saw 
a great quantity of petrified oak in a place where 
many people daily pass, without perceiving this 
phamomcnon. Some logs w'ere entirely petri- 
fied, and in these we distinctly perceived the 
rings rorined by the annual growth, the bark, 
the place where they were cut, and all the cha- 
racters of oak wood 

M. Clozier, who found diflerent pieces of pe- 
trified wood upon the hills in the neighbour- 
hood of Ktampes, and particularly on that of 
Saint Sympliorieii, imagined that these frag- 
ments might have proceeded from some petri- 
fied trunks in the mountains. He therefore 


* Journal Etraiiger. inoi!) 1756, p. 160. 

vor„ II. M 



162 OF RAINS, MARSHES, &C. 

caused pits to be dug in a part of the mountain 
of Saint Symphorien that had been pointed out 
to him. After digging several feet deep, he first 
discovered a petrified root, which led him to the 
trunk of a tree of the same species. 

' ** This root, from its extremity to its junction 
with the trunk, was,” says M. Clozier, “ five feel 
in length ; there were other five roots, but not 
equally long 

** The middling and small roots were not petri- 
fied, or at least their petrification was so brittle, 
that tliey remained in the sand, where the trunk 
was in the form of powder or ashes. It is 
reasonable to thiuk, that, when the process of 
petrifaction was communicated to these roots, 
they had been almost corrupted, and that the 
ligneous parts of which they were composed, 
being too much separated by petrifaction, could 
not acquire the degree of solidity necessary to a 

genuine petrifaction 

The thickest part of the trunk was near six 
feet in circumference. Its length was three feet 
ten inches, and its weight was from 500 to 
600 pounds. The trunk, as well as the roots, 
had atl the appearance of wood, as the bark, 
the inner rind, the solid and corrupted wood, the 
holes of large and small worms, and even the 
excrements of tliesc worms. All these parts 
were petrified, but were not so solid and hard 
as the ligneous body, which had been perfectly 
sound when the process of petrifaction com- 
menced. 1'he ligneous body is converted into 
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M. rcsil flint of various colours, which strikes fire 
with steel, and produces, after being struck or 
rubbed, a very strong smell of sulphur 

** This petrified trunk was bedded in a horizon- 
tal direction It was covered with more 

than four feet of earth, and its root was not above 
two feet below the surface*.” 

M. I’Abbe Maz^as, who discovered, at half a 
mile from Rome, a quarry of petrified wood, ex- 
presses himself in the following terms : 

“ This quarry of petrified wood forms a suc- 
cession of hillocks in the front of Monte-Marioi 

on the other side of the Tiber Of these 

fragments of w'ood, irregularly heaped upon each 
other, some have ■the appearance of a hard dry 
earth, which seems not to be fit for the nourish- 
ment of vegetables : others are petrified, and have 
the colour, the brilliancy, and the hardness of 
the resin, known in the shops by the appellation 
of colophantts. This petrified wood is found in a 
soil similar to the former, but more moist. Both 
are perfectly well preserved. The whole are re- 
duced, by calcination, into a true earth; and 
none of them produce alum, either by the appli- 
cation of fire, or by combining them with the 
vitriolic acid f.” 

M. du Monchau, a physician and expert na- 
turalist, has sent me, for the Royal Cabinet^ a 
piece of petrified wood with the following histo* 
rical account : 

* Mem. des Savan| EtraUgere, tom ii. p. 598 — 604. 

f Ibid, tom V. p. S88. . 
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** Tlie piece of petriAcd wood, which I have 
the honour of transmitting to you, was found 
at the depth of more than 150 feet below the sur- 
face Last year (17^4), when digging a 

pit in quest of coal, at Notre-Dame-au-bois, a 
village situated between Conde, Saint Amand, 
Mortagne, and Valenciennes, we found, about 
600 fathoms from Escaut, and atler passing three 
water levels, first seven feet Of rock, or hard stone, 
called tourlia in the language of colliers ; after- 
wards, when we arrived at a marshy earth, wc 
found, at the depth of 150 feet, as already re- 
marked, the trunk of a tree of two feet in di- 
ameter, which lay across the pit, and, of course, 
we were prevented from measuring its length. 
It rested upon a large free-stone; and many 
pieces were cut oil' from this trunk by the curi- 
ous. The small fragment I have the honour of 
sending you was cut off from a specimen given 
to M. Laurent, a learned mechanic 

“ This wood seemed rather to have been con- 
verted into coal than petrified. How could a 
tree be sunk so deep into the earth ? Has the 
soil in which the tree was found been formerly 
as low ? If that is the case, how could this soil 
be. augmented 150 feet ? From whence did all 
this earth proceed ? 

" The seven feet of tourlia observed by M. 
Laurent, whiclr exists also in all the coal mines 
for ten leagues round, have, according to the 
above supposition, been produced posterior to 
this accumulation of earth. 

1 leave this matter, sir, to your decision : 



165 


OF RAINS, MARSHES, &C. 

you are so intimately acquainted with Nature, 
that none of her mysteries can be long con- 
cealed from you ; and I have no donbt that 
you will be able to explain this wonderful phm- 
nomonon 

M. Fougeroux do Bondaroy, of the Royal 
Acadenty uf Sciences, relates several facts con- 
cerning petrified wood, which merit attention, 

“ All the fibrous stones,” he remarks, which 
have some resemblance to wood, are not petri- 
fied wood. Blit there arc many others which 
must be recognised as such, especially if we 
attend to the peculiar organization of vege- 
tables 

“ Facts are not wanting to prove that wood 
may be converted into stone, with as much ease 
at least, as several other substances which in- 
contestibly undergo this transmutation. But it 
is difficult to explain how this effect is produced. 

I hope I may be permitted to hazard some con- 
jectures on the subject, which I shall endeavour 
to support by facts and observations. 

“ We find wood which may be considered as 
only half petrified, and not much lieavier than 
common wood. Specimens of this kind are 
easily divided into plates, or even into filaments, 
like certain corrupted timber. Others are more 
petrified, and have the weight, the hardness, and 
the opacify of frcivstone. Others, whose petri- 
faction is still more peifect, admit the same po- 

* Lettre <te IM. l)iim«iichau d M. ile Buflbn ; Douni, Jan. 
Cf>, 175.5. 
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lish as marble ; while others acquire that of fine 
oriental agates. I have an excellent specimen 
sent from Martinico to M. du Hamel, which is 
converted into a most beautiful sardonix. {..astly, 
we find wood changed into slate. Among these 
specimens, there are some which have retained 
the organization of wood so completely, that wc 
discover with a lens every appearance exhibited 
in unpetrified wood. 

“ We have seen some specimens encrusted 
with a sandy iron ore, and others penetrated 
with a substance, which, being composed of sub 
phur and vitriol, makes them approach the state 
of pyrites. Some of them are, if we may use the 
expression, larded with a very pure iron ore; 
and others are traversed by veins of very black 
agate. 

We find pieces of wood, one part of which 
is converted into a stone, and the other into 
agate: the part converted into stone is tender; 
but the other has the hardness peculiar to preci- 
ous stones. 

“ But, how should certain pieces, though con- 
verted into hard agate, preserve the distinct 
characters of organization, as the coiicrntric 
circles, the insertions, the extremities of the 
tubes destined to transmit the sap, the l>ark, the 
. inner rind, and the wood ? If the vegetable sub- 
stance were entirely destroyed, we sliouhi only 
see an agate, without any of the organic cha- 
racters tbrmerly mentioned. I’o prescr\c this 
appearance of organization, if we suppose tliat 
the wood subsists, and that the pores alone are 
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tilled with the petrifying juice, it should appear, 
that the vegetable parts might be extracted from 
the agate. But I could never make any pro- 
gress in this operation : 1 therefore think, that 
the specimens in question retain no parts which 
have preserved the nature of wood. To give 
perspicuity to my idea, I beg the reader to recol- 
lect, that, when a piece of wood is distilled in a 
retort, the coal which remains after distillation 
is not a sixth part of the original weight of the 
wood. When this coal is burnt, we obtain onlv 
a small quantity of ashes, which will still diminish 
after the lixivial salts are abstracted. 

This small quantity of ashes being the only 
fixed part, the chemical analysis proves, that 
the fixed parts of a piece of wood are really 
very trifling, and that the greatest jiortion of ve- 
getable matter is destructible, and may be gra- 
dually carried off, as the wood corrupts. 

“ Now, if we consider that the greater part 
of the wood is destroyed, and that what remains 
is a light earth, and easily jiermeable by the pe- 
trifying juice, its convereion into stone, agate, or 
surdonix, will not be more ditlicult to conceive 
than that of bole, clay, or any other earth. .The 
only difference is, that the vegetable earth pre- 
serves the appearance of organization, and the 
petrifying juice insinuates into its pores, witlioul 
destroying its original characters 

Some facts and •observations remain 'still to 
be added. In August, 1773, at Montigiii-sur- 


Mcni. rAful. tics Sciences, anii. 1751 ), — WO 
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Braine, in the district of Challon and jiirisdic* 
tion of Auxonne, when digging a copper n)ine, 
the workmen, at the depth of tliirty-thrc'e feet, 
found a tree lying on its side ; but the species of 
it could not be discovered. The superior strata 
seemed to have never been touched by tlie hand 
of man ; for, below the soil, there was a betl of 
eight feet of clay j then ten feet of sand ; then a 
bed of fullers earth about six or seven feet then 
another bed of the same mixed with stones ; and, 
lastly, a bed of black sand of three feet. The 
tree was found in the fullers earth. The river 
Braine is to the east, and not above a gun-shot 
from this place. It runs in a meadow eighty 
feet lower than the site of the copper*. 

M. de Greignon informed me, that, on the 
Irordcrs of the Marne, near St. Di;!icr, there is 
a bed of pyritous wood, the organization of which 
is apparent. This bed is situated under a stra- 
tum of free-stone, which is covered with a stra- 
tum of pyrites, and above the pyrites is a stratum 
of lime-stone. The bed of pyritous wood lies 
upon a blackish clay. 

He likew'ise found, in the pits dug for disco- 
vering the subterraneous town of Chsitelet, in- 
strurijehls of iron with wooden handles. He 
remarked that this wood was converted into a 
gbhuinc iron ore, of the hematites species. The 
organization of the wootl was not ilestroyed ; 
but it wsis brittle, and its whole texture was as 


* Lettrc <1«! Mad. la Comti’s-sc de (.'It-niiuiif-Montoi.son ■» 
M. de Bufibii. 
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close as that of the hematites. These iron in- 
struments with w'ooden handles had been buried 
in the earth sixteen or seventeen hundred years. 
The conversion of the wood into hematites had 
been affected by the decomposition of the iron, 
which fiad gradually filled all the pores of the 
wood. 

“ In the parish of Haux, which is situated 
between two seas, and about half a league from 
the port of Langoiran, a point of a rock, of eleven 
feet high, detached itself from the coa.st, which 
was formerly thirty feet high. Bj' its fall it 
spread over the valley a great quantity of animal 
bono.«, or fragments of bones, some of which were 
petrified. That they are bones is unquestion- 
able ; but it is difficult to a.scertain the animals to 
which they belong. The greatest number con- 
sists of teeth } some of them perhaps belong to 
the ox or horse; but, without marking the dif- 
ference in figure, most of them are larger than 
the teeth of these animals. There arc likewise 
thigh or leg bon<?.s, and a fragment of a stag or 
elk’s horn. 'Flie whole are covered with com- 
mon earth, and situated bctw'ecn two strata of 
rock. We must suppose that the carcasses of 
animals have been thrown into a hollow rock, 
and, after the flesh had corrupted, a rock of 
eleven feet high had been formed above them, 
which would require the operation of many 
ages 

“ I'lic gentlemen of the Academy of Bonr- 
deau.x, vvho exannned these bones with philoso- 
phical aeeuracy, discovered, that when a number 
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of fragments were put on a very brisk fire, they 
were converted into a fine Turquois bine; and 
that some portions became so hard, that, when 
cut by a lapidary, they received a fine polish. 

It must also be remarked, that bones 

which evideully btiionged to different animals 
were equally converted into Turquois*.” 

“ On the 28th of January, 1760,” says M. do 
Guettard, “ there were found; 160 fathoms above 
the mineral batiis, bones included in a rock with 
a gray surface. This rock was neither laminated 
nor consisted of separate strata, but was one 
continued mass of stone 

" After having, by means of gunpowder, pe- 
netrated five feet deep into this rock, we found 
a great number of human bones belonging to 
every part of the body, as jaw-bones with their 
teeth, bones of the arms, thighs, limbs, ribs, 
rotuUc, &c., jumbled togetlier in the greatest 
disorder. Entire skulls,- or portions of them, 
chiefly prevailed. 

“ Besides these human bones, we met with 
several fragments which could not be ascribed 
to man. In some places, they are in continued 
masses, and in others more dispersed 

“• When we arrived at the depth of four feet 
' and a half, wc found six human heads in an in- 
clined position. In five of these heads, the occi- 
put with its appendages, except the bones of 
the face, were prcserveils Tliis occiput w'as 
partly encrusted witli stone, its cavity was filled 


* Hi'S!. d«! I’Acad. dos Sciences, iinn. 1710, p. 2t- 
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with stone, and had assumed the same mould 
or figure. In the sixth head, the face is entire: 
it is broad in proportion to its length. We 
easily distinguish the form of the fleshy cheeks. 
The eyes are shut, pretty long, but narrow. 
The front is large, and the nose very flat, but 
well formed; the middle line is distinguishable. 
The mouth is well made, and shut ; the upper 
lip is a little thick in proportion to the under. 
The chin is well proportioned, and the whole 
muscles are strongly marked. The colour of the 
head is reddish, and r^embles those of the Tri- 
tons feigned by painters. Its subtance is similar 
to that of the stone in which it was found ; it is, 
properly speaking, only the mask of the natural 
head.” 

The above relation was sent by M. le Baron 
dc Gaillard-Lonjumeau to Madame de Boisjour- 
dain, who transmitted it to M. Guettard, with 
some specimens of the bones. That these bones 
were really human, is a very doubtful point; 

for every appearance in this quarry,” M. de 
Lonjumoau remarks, ** announces that it has 
been formed of rclic.s of bodies broken in 
jiicces, and which had been long tossed about 
by the waves of the sea before they were col- 
lectnl into one hca]>. As this mass of bones 
lies iiorizontally, and has been successively co- 
vered with stony matter, it is easy to conceive 
how a mask was formed on the faces of those 
heads, the flesh having little lime to corrupt, 
csj)t‘cially wlien the bodies were buried under 
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the water. We may, therefore, reasonably con- 
clude, that these heads were not human 

They rather seem to be the heads of those fishes, 
hose teeth are found in the same parts of the 
stones along with the bones supposed to belong 
to the human species. 

** It appears that the collection of bones in 
the environs of Aix, are similar to those disco- 
vered some years ago, by M! Borda, near Dax 
in Gascony. The teeth discovered at Aix, by 
the description given of them, seem to resemble 
those found at Dax, of w'hich an under jaw is 
still preserved. This jaw unquestionably belongs 
to a large fish I must, therefore, con- 

clude, that the bones in the quarry of Aix are 
similar to those discovered at Dax; .... and 
that these bones, whatever they are, should be 
referred to the skeletons of fishes rather than 

to those of man 

“ One of the heads in question was about 
seven and a half inches long by three and some 
lines broad. Its figure is that of an oblong 
globe, flat at the base, thicker at the posterior 
than the anterior end, and divided in the broad- 
est part by seven or eight bands from seven to 
twelve lines wide. Each band is likewi.se divided 
into two equal parts by a slight furrow. The 
bahds c'xtrnd from tlie base to the summit. 
Those of one side arc separated from those of the 
other by another and deeper furrow, wliich gra- 
dually enlarges from the anterior to the posterior 
part. 
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“ From this description we cannot recognise 
the mould of a human head. The bones of a 
man’s head are not divided into bands. The 
human head is composed of four principal bones, 
tlie flgures of which appear not in the mould 
above describetl. It has not an anterior crest 
wljich extends longitudinally from the anterior to 
the posterior part, and divides into two equal 
parts, which might give rise to the furrow on the 
superior part of the stony mould. 

“ These considerations induce me to think, 
that this substance is rather the body of a nau- 
tilus than a human head. There are nautili 
actually divided into bands or bucklers like this 
mould. They have a channel or furrow which 
runs along the whole curvature, and divides 
them into two, from which the stony furrow 
might derive its origin*,” &c. 

I am persuaded, as well as AI. Ic. Baron de 
Lonjumeau, that these heads never belonged to 
men, but to animals of the seal kind, to sea- 
otters and to sea-lions or bears. It is not at 
Aix or Dux alone, that the heads and bones of 
these animals are found in rocks and caverns. 
His highness the present prince Maregrave of 
Aiispuch, who to great atlubility unites a re- 
markable taste for knowledge, has been so 
obliging as to give me, for the Royal Cabinet, 
a collection of bones from the caverns of Gall- 
Icnrcnte in his Mancgrhviate of Bareith. M. 
Daubenton has compared these bones with those 


* iM'-ni. de I’Acad. des Sciences, aim. 1700, p. 209—218. 
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of the common bear, from which they differ 
only by being larger. The head and teeth are 
longer and thicker; and the muzzle is longer 
and more protuberant than in our largest bears. 
In this collection, with which this noble prince 
has enriched our cabinet, there is a head which 
naturalists have denominated, the head of M. de 
Buffbn's stnall seal; but, as we know not the 
form and structure of the head's of sea-lions, bears, 
and large and small seals, we shall suspend our 
judgment concerning the animals to which these 
fossil bones have appertained. 

I will insist no longer upon the varieties in the 
composition of new strata. It is sufficient to 
have shown that they have been produced by 
no other cause than the waters which run or are 
stagnant upon the surface, and that they are 
neither so hard nor so solid as the aticient strata 
which were formed under the waters of the 


ocean. 



PROOFS 


OF THE 

THEORY OF THE EARTH 


ARTICLE XIX. 

OJ Ific < 'hanges of Land into Sea, and of Sea into 
Land. 

From what has been remarked in article i. 
vii. viii. and lx., it is apparent, that the ter- 
restrial globe has undergone some great and ge- 
neral changes; and it is equally certain, from 
what has been delivered in the other articles, 
that the surface of the earth has suffered parti- 
cular alterations. Though we ate not suftV 
ciently acquainted with the order or succession 
of these particular clianges, we know the prin- 
cipal causes by which they W'ere producetl. We 
cat! even distinguish their diflerent eflects ; and, 
if we were able to collect all the facts which na- 
tural and civil history afford concerning the revo- 
lutions that have happened on the surface of the 
eartii, our theory would unquestionably receive 
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additional supports, and would be rendered still 
more satisfactory. 

One of the principal causes of these rcvolu.> 
tions is the motion of the sea, which has conti- 
nued invariably the same in all ages j for, as the 
sun, the moon, the earth, the waters, the air, &c., 
have existed from the moment of creation, the 
effects of the tides, of the motion of the sea from 
east to west, of the currents, and of the winds, 
must have been felt for an equal time : and, even 
supposing the axis of the globe to have formerly 
had a different inclination, and that the conti- 
nents, as well as the seas, were differently dis- 
posed, the motions of the ocean, and the causes 
and effects of the winds, would have remained 
unaltered. In whatever part of the globe the 
immense quantities of water which fill the ocean 
were collected, they would be subject to the same 
motions. 

It was no sooner suspected that our continent 
might formerly have been the bottom of the sea, 
than the fact became incontestible. The spoils 
of the ocean found in every place, the horizontal 
position of the strata, and the corresponding an- 
gles of the hills and mountains, appeared to be 
convincing proofs; for, when we examine the 
plains, the valleys, and the hills, it is apparent, 
that' the surface of the earth has been figured by 
the waters. When we descend info the bowels 
of the earth, it is equally evident, that those 
stones which include sea shells have been formed 
by sediments deposited by the waters, since the 
sea shells themselves are impregnated with the 
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same matter that surrounds tliem. And, in fine, 
if we consider the corresponding angles of the 
hills and mountains, we cannot Hesitate in pro* 
tioimcing, that they received their configuration 
and direction from currents of the ocean. It is 
true, that, since the earth was first left unco* 
vered with water, the original figure of its surface 
has been gradually changing: the mountains 
have diminished in hbight ; the plains have been 
elevated ; the angles of the bills have become 
more obtuse j those bodies which have been 
rolled along by the rivers have received a round- 
ish figure ; new beds of tufa, of soft stone, of 
gravel, &c., have been formed. But every thing 
has remained essentially the same. The ancient 
A>rin is still recognisable; and I am persuaded, 
that every man may be convinced, by his own 
eyes, of the truth of all that has been advanced on 
this subject; and that, whoever has attended 
to the proofs I have given, must be fully sa- 
tisfietl, that the earth was formerly under the 
watcTs of tlie ocean, and that the surface, which 
we now beliold, reeeivetl its configuration from 
the ciirrenls and inovcmeiits of the sea. 

We formerly remarked, that the principal mo- 
tion of the sea is from east to west. The ocean, 
accordingly, seems to have gained from the east- 
ern coasts both of the Old and the New Conti- 
nent, a space of no less than 600 leagues. For 
the proofs, we must refer to art. ix., and shall here 
only add, that the direction of ail straits, which 
join two seas, is from east to west. The straits of 
Magellan, of Frobis’her, of Hudson, of Ceylon, of 
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the sei^ of Corea, and of Kamtschatka, lie all in^ 
this direction, and appear to have been formed 
by tlie irruption of the watere, which, being for* 
cibly pushed from east to west, have opened 
these passages, wliere the waters still preserve a 
stronger current in this than in any other direc- 
tion; for, in all straits of this kind, the tides are 
high and violent; bnt, in those situated on the 
western coasts, as that of Gibraltar, of Siinda, 
&c., the motion of the tides is almost impercep- 
tible. 

The inequalities at tlie bottom of the sea 
change the direction of tlie motion of the wa- 
tere. These inequalities have originated from 
sediments and matters transported by the tides, 
or by other movements in the water : the tides are 
^be principal and first, though not the only cause, 
which produced these inequalities. The wind is. 
another cause; though its action begins at the 
surface, it agitates the wh(^ mass to the greatest 
depths, as appears from particular bodies which 
are detached from the bottom of the sea, and 
thrown ashore during vkdent storms only. 

It has already been mentioned, that, between 
the tropics, and even some degrees beyond them, 
an east wind perpetually blows. This wind, 
which assists the general motion of the sea from 
emt to west, is as ancient as the tides; because 
it is occasioned by the rarefaction of the air 
produced by the heat of the sun. There are two 
combined causes, therefore, the operation 
which is greatest in the equatorial regions t 1st, 
The tides, which are greatest in the southern lati- 
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tuiles ; atidj Sd, The east winds^ which constantly 
reign in these climates. These two causes have 
concurred, from the firrt formation of the earth, 
in producing a motion in the waters from east to 
West, and in-agitating them more violently in this 
region of the globe than in any other. It is for 
this reason that we find between the tropics the 
greatest inequalities upon the surface of the earth. 
That part of Africa which lies between these 
circles, is nothing but a group of different chains 
of mountains, which generally extend from east 
to west, as appears from the direction of the 
great rivers that traverse this unknown region. 
The same observation holds W'ith regard to the 
countries both of Asia and America, which lie be- 
tween the tropics^ 

The general motion of the sea from east to 
west, combined with the tides, currents, and 
winds, produce a variety of effects, both on the 
bottom of the ocean and on the coasts. Varenius 
thinks it extremely probable, that gulfs and straits 
have been formed by reiterated efforts of the 
ocean against the land ; that the gulfs of Arabia, 
of Bengal, and of Cambaya, have been produced 
by irruptions of the waters, as well as the straits 
between Sicily and Italy, between Ceylon and 
India, between Greece and Euboea, &c. ; that 
the probability of such irruptions, and of certain 
lands having been deserted by the sea, is strength- 
ened by the scarcity of islands in the middle of 
great seas, and by their never appearing there in 
groups j that, in the immense space occupied by 
the Pacifto Ocean*, there are only two 9r three 

N 3 
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small islands near the centre of it ; and that, in 
the vast Atlantic Ocean between Africa and 
Brasil, we find only the small islands of St. 
Helena and Ascension : but all islands lie 
near large continents, as those of the Archi- 
pelago, which approach the continents both 
of Europe and Asia; the Canaries are near 
Africa ; the Indian islands lie near the eastern 
part of the continent of Asia; the Antilles lie off 
the coast of America ; and the Azores alone lie 
at a considerable distance both from Africa and 
America. 

The popular tradition among the inhabitants 
of Ceylon, that their island had been separated 
from the peninsula of India by an irruption of 
the sea, is extremely probable. The great num- 
ber of rocks and shoals between the island of 
Sumatra and the continent demonstrate their 
former union. The Malabarians aflirm, that 
the Maldiva islands once made a part of the 
continent of India ; and, in general, we may be- 
lieve, without hesitation, that all the eastern 
islands have been separated from continents by 
irruptions of the ocean *. 

The island of Great Britain appears to have 
been, formerly a part of the continent ; and that 
England was once joined to France, the narrow- 
nfsss of the strait, and the sameness of the strata 
of stone and of earth, on the opposite sides, are 
a sufiicient indication. “ If we suppose," says Dr. 
WalliS| that France was connected to England 


* See Varen. Geogr. p. SOi, 217, and 220^ 
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by an isthmus between Calais and Dover, two 
tides would necessarily strike with violence 
against each side of it twice every twenty-four 
hours; and the operation of the sea, both on the 
east and west of this isthmus, would, in the 
course of time, gradually cut through such 
a narrow neck of land. The tides, acting with 
violence nut only against this isthmus, but also 
against the coasts of France and of England, 
must have carried awa^' vast quantities of earth, 
sand, and clay, from every part on which the 
waves exerted their fury. Their course, how- 
ever, being interrupted by the isthmus, they 
would not, as might be imagined, deposit their 
sediments upon its shores, but would transport 
and deposit tiiem on the great plain which now 
forms the marsh of Romney, and is four miles 
broad and eight long ; for no man, who has ever 
seen liiis plain, can possibly doubt of its having 
been formerly covered with the sea, as, without 
the intervention of the dikes of Dirnchurch, a 
great part of it would still be overJlowed by the 
spring tides. 

“ The German Sea would act in the same man- 
ner against this isthmus and against the coasts of 
England and Flanders, and would carry it.s sedi- 
ments into Holland and Zeland, the soil of which 
W’as formerly under the waters, though it is now 
elevated forty feet above them. On the English 
coast, the German Sea must have occupied that 
large valley which commences at Sandwich, 
runs by Canterbury, Chatham, Chilham, and 
terminates at Ashford, a .‘tpaco ol’ more than 
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twenty miles. Here the land is much more ele- 
vated than it was in ancient times ; for> at Chat- 
ham, the bones of an hyppopotamos were found 
buried at the depth of seventeen feet, and like- 
wise anchors of ships and sea shells. 

** Nothing is more apparent than that new lands 
are formed by the earth, sand, clay, &c., trans- 
ported and deposited by the sea : for, in the 
island of Okney, which is adjacent to the marshy 
coast of Romney, there was a flat space of ground 
in continual danger of being overflowed by the 
river Rother; but this flat, in less than sixty 
years, has been considerably elevated by the ac- 
cession of fresh matter brought in by every tide. 
This river has, besides, deepened its channel so 
much, that its mouth, which, less than fifty years 
ago, was fordable by men, is now capable of 
receiving large vessels. 

** In the same manner has the bank of sand, 
which runs obliquely from the coast of Norfolk 
to that of Zeland, been formed. This bank is 
the place where the German and French seas 
encounter nuce the rupture of the isthmus; and 
it is here that the waters deposit the earth 
and sand which they carry otf from the coasts. 
It is even probable that this bank of sand may, 
in a succession of ages, give rise to a new 
isthmus 

“ Itisextremely probable,” says Mr. Ray,” that 
the island of Great Britain was formerly joined 
to France: whether it was separated by an earth - 


* See Phil. Trans, abriiig. vol. iv. p. 227 . 
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quake, by an irruption of the ocean, or by the 
operation of men, we know hot. But the former 
junction of Britain to the continent is appa- 
rent from the identitv of the rocks and differ- 
ent strata, at the same elevation, on the opposite 
coasts ; and from the similar extent of the tocks 
on each side, being both about six miles. The 
narrowness of this strait, which exceeds not 
twenty -four English 'miles, and its shallowness, 
when compared to the depth of the neiglibouring 
sea, render it probaUe that England has been se- 
parated from France by some accident. To 
these proofs we might add, that wolves and bears 
formerly existed in this island : it is not probable 
that these animals could swim over, nor that 
such destructive creatures would be transported 
by men ; for, in general, the noxious animals of 
the continent are found in ail those islands which 
are very near it, but never in those that are re- 
mote. This fact was remarked by the Spaniards 
when they arrived at America*," 

In the reign of Henry I. of England, a part 
of Flanders was overflowed by an irruption of 
the sea. In 1446, more than 10,000 persons 
were drowned by a similar irruption in the ter- 
ritory of Dordrecht, and more than 100,0(K) 
round Dullart in Friseland and igeland. In 
these two provinces, above 300 villages were 
overflowed. The tops of their towers and spires 
are still visible above the surface of the water. 

From the coasts of France, England, Holland, 

• 

• Sec Ray 1 Discourses, p. 20S, 
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and Germany, the sea has in many places re> 
treated. Hubert Thomas, in his Description of 
the Country of Liege, assures us, that tlie walls 
of the city of Tongres were formerly surrounded 
by the sea, though it is now thirty-five leagues 
distant from tiiat city. He gives several satisfac- 
tory reasons: among others, he informs us, 
that, in his time, the iron rings, to which ships 
were fastened, still remaiiied in the walls. The 
fens of Lincoln, of the ihlund of Lly, and the 
Crau of Provence in France, may be regardul as 
lands abandoned by the sea, whic h has likewise, 
since the year 16()5, retired considerably from 
the mouth of the Rhone. At the mouth of the 
Arno, in Italy a large quantity of laud lias been 
gained from the sea : and Ravenna, which was 
formerly a harbour, is no longer a sea- port. 
The whole of Holland appears to be new land ; 
the surface of the ground is nearly on a level 
with the sea, altl^ough it has received daily ele- 
vations from the mud and earths transported by 
the Rhine,- the Muese, &c. ; lor the sod of 
Holland was formerly, in iiiany places, com- 
puted to be fifty feet below the level of the sea. 

It has been alleged, that, in the year >S(i(), a 
furious, tempest drove such cpiaiititics of sand 
upon the coast, that the mouth of the Rhine 
npar Catt was entirely blocked upj and that 
this river overflowed the whole country, over- 
turned trees and houses,, and at la.st emptieil 
itself into the channel of the Maese. In \iU\, 
another inundation .separated the city of Dor- 
drecht from the main land, overwhelmed seventy- 
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two villages, and drowned 100,000 persons, 

beside it vast number of cattle. The dike of 
Issel was broken down in 1638, by the ice 

from the Rhine blocking up the passage of the 

water, which occasioned an opening in the 
dike of several fathoms, and a great part of the 
province was laid under water before tlie breach 
could be repaired. The province of Zeland, 
in 1()83, suifcred a similar inundation, which 
drowned more than thirty villages; and an 
amazing number of men and cattle perished, as 
the unfortunate event happened during the 
night. Tlic loss w'ould have been still greater, 
had not a soutii-east wind opposed tlie motion 
of the waves ; for there was such a swell in the 
sea, that the water rose eighteen feet above the 
highest ground in the province *. 

Tlie harbour of Hithc, in the county of Kent, 
is entirely blocked up, notwithstanding luucli 
labour and expense bestowed, on ilitferetit occa- 
sions, to clear it from rubbish. For several miles 
round, we find an astonishing quantity of shells 
and other sea bodies, which had been ar cumii* 
latcd in aneieiit times, and wliich are now co- 
vered with soil, and un'ord excclU-nt pasturage. 
The sea, on the other hand, often encroaches 
upon the land. The lands of Goodwin, for ex- 
ample, wliich formerly belonged to a iiobleinaii 
of that inline, are now converted into sands, 
and are covered with the waters of the ocean. 
'J'liiis the sea gains upon some coasts, and loses 


* Sic Ics Yoyag. hist, de I’Ettropc, tom r. p. 70. 
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upon others, according to their different situa* 
tions and circumstances *. 

Upon Mount Stella, in Portugal, there is a 
lake, in which are found the wrecks of ships, 
though this mountain is twelve leagues distant 
from the seaf. Sabinius, in his commentary 
upon Ovid’s Metamorphoses, tells us, that, in the 
year 1460, a ship, with its anchors, was found 
in one of the Alpine mines. 

These changes of sea into land, and of land 
into sea, are not peculiar to Europe. The other 
parts of the globe, if properly investigated, would 
furnish more striking and numerous examples. 

Calecut was formerly a celebrated city, and 
the capital of a kingdom of that name. It is 
now reduced to an inconsiderable town, ill built, 
and almost deserted. The sea, which, for a cen- 
tuiy past, has gained greatly upon this coast, now 
covers most of the ancient city. Ships moof 
upon its ruins, and the port is choked up with a 
number of rocks, upon which many vessels have 
been wrecked J. 

The province -of Jucatan, a peninsula in the 
gulf of Mexico, was formerly a part of the sea. 
This neck of land stretches about 100 leagues 
in length, and is no where above twenty-five 
leagues broad. The air is hot and moist. The 
earth furnishes plenty of water, though, in so 
large a country, there are neither rivers nor 
brooks ; and, when pits are (lug, such multitudes 

* See Phil. Trans, abridg. vol. iv. p. 234. 
f See Gordon's Geog. Gram. p. 1 19. 
i See Lettres Edifiantes, recueil ii. p. 187. 
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of shells every where appear, as leave no room 
for doubting that this whole tract of land was 
fiannerly a part of the ocean. 

It is a tradition among the inhabitants of Ma* 
labar, that the Maldiva islands ori^nally be« 
longed to the continent of India, and that they 
were detached from it by the violence of the 
ocean. The number of these islands is so great, 
and they are separated by such narrow channels, 
that the bowsprits of vessels, in passing, drive off 
leaves from the trees on each side ; and, in some 
places, a vigorous man, by laying hold of a 
branch, may leap into another island*. The 
cocoa trees, found at the bottom of the sea, are a 
farther proof that the Maldives formerly belonged 
to the continent. 

The island of Ceylon, those of Ramman^oiel, 
and many other islands, it is believed, were also 
disjoined from the continent by currents, which, 
in many places of the Indian &a, are extremely 
rapid |. It is certain, however, that the sea has 
encroached thirty or forty leagues on the north- 
cast coast of Ceylon. 

The sea appears to have lately abandoned 
many of the promontories and islands of America. 
We have already remarked, that the territory of 
Jucatan is full of shells. The same phrenomenon 
takes place in the low grounds of Martinico and 
the other Antilles. The inhabitants distinguish 


• See Voyages ties Hollandois aux Indes Orientalcs, p. 27 ♦. 
t Ibid. vol. iv. p. 485. 
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the earth below the surface by the name of 
Ume } because they make lime of the shells, great 
banks of which lie immediately under the vegeta- 
ble soil *, 

There are some lands which the sea alternately 
covers and leaves bare, as liappcns in several 
islands of Norway, Scotland, the Maldivas, the 
gulf of Cambaya, &c. The Baltic Sea has gra- 
dually gained a great part of Pomerania ; and it 
has covered and destroyed the celebrated port of 
Vineta. In the same manner, the Norwegian 
Sea has advanced into the continent, and formed 
several islands. The German Sea has encroached 
upon Holland, near Catt, to such a degree, that 
the ruins of an ancient Roman citadel, which 
was formerly situated on the coast, lie now at a 
considerable distance in the sea. The marshy 
ground in the island of Ely, and the Crau of 
Provence, are, on the contrary, lands which the 
sea has deserted. The Dow'iis have been funned 
by accumulations of sand, earth, and shells suc- 
cessively driven upon the coasts by winds blowing 
from the sea. For example, on the west coasts of 
France, Spain, and Africa, a violent west wind 
reigns, by wliich the waters arc pushed with 
violence against the shores ; and downs, accord- 
ingly, are frequent on these coasts. The east 
winds, in the same manner, w'hen they continue 
long, drive the waters so forcibly from the coasts 
of Syria and Phoenicia, that farge chains of rocks. 


* See Xouv. Voyages aux Isles TAmcrique. 
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which are covered daring the west winds, are left 
dry. Besides, downs are not composed of stones 
and marble, like the mountains which have been 
formed in the bottom of the ocean, because they 
have not remained long enough under the waters. 
That the waters of the sea possess a petrifying 
power, and that . the stones formed in the earth 
are very different from those formed at the 
bottom of the oceat], is fully evinced in my dis- 
course on minerals. 

In traversing the coasts of France, we perceive 
that a part of Brittany, Picardy, Flanders, and 
Lower Normandy, have very recently been de- 
serted by the sea; because, through all this c.k- 
tent of country, we still find great quantities of 
oysters, and other siiells, in their natural state. 
We are certain, from experience, that, for a 
century past, the sea has been retiring from the 
coast of Dunkirk. When the moles of this port 
were constructing, in the year 1()70, the fort of 
Good Hope, which terminates one of tliese 
moles, was built upon piles a great way beyond 
the low water mark. But, at present, the water 
never advances nearer this fort than SOO fathoms. 
In 1714, when the new harbour of Mardik was 
deepening, the moles were likewise carried beyond 
the low water mark ; but now, when the tide is 
ebb, there is a dry space of more than 600 
fathoms. If the sea continues thus gradually to 
retire, Dunkirk, like Aiguemortes, will, in a 
few centuries, be no longer a sea-port. If (he 
sea has lost ground so considerably in our times, 
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how far must it have retired since the beginning; 
of the world ? ♦ 

The bare inspection of Saintonge is sufficient 
to convince us, that it was formerly covered by 
the sea. The ocean having abandoned these 
lands, the Churcnte followed as the waters re> 
tired, and ibrnied a river where formerly there 
was only a great lake or morass. The country 
of Aunis, which was ancieriily covered by the 
sea and stagnant waters, is one of the most 
recent lands of France. It is even probable that 
this territory was a morass about the end of the 
ffiurteenth century f. 

It appears, therefore, that the ocean, during 
some centuries, has retired many feet from all 
Qur coasts; and, if we examine those of the Me- 
diterranean, from Roussillon to Provence, we 
shall find that this sea has likewise retreated 
nearly in the same proportion. These facts 
sender it evident, that the circumference of all 
the coasts of Spain and Portugal, as well as those 
of France, is greatly extended. The same ob- 
servation has been made with regard to Sweden, 
where some philosophers have conjectured, that, 
in the course of 4,000 years, the Baltic, the depth 
of which exceeds not thirty fathoms, will be to- 
tally abandoned by the waters. 

If similar observations were made in every 


* Mem; pour la Subdelegation de Dunkerque^ relativement 
i I’Hist. Nat. de ce Canton, 
t Extrait de PHist de la Rochellej art. ii. et iii. 
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coantry, I am persuaded, that, in general, the 
sea would be found to have retired from every 
coast. The same causes which produced its first 
retreat and successive sinking, are not absolutely 
annihilated. In the beginning, the sea was 
lil,000 fathoms above its present level. The 
immense swellings on the surface of the globe, 
which first subsided, made the waters sink, at 
first rapidly, and afterwards in proportion as the 
more inconsiderable caverns gave way. The sea, 
of course, was proportionally depressed; and, 
as many caverns still exist, which must, from 
time to time, sink, cither by the action of vol- 
canos, by the force of water, or by earthquakes, 
we may with certainty predict, that the ocean 
will continue to retire, and, consequently, that 
the extent of all our continents will be gradually 
augmented. 

Since finishing my Theory of the Earth, which 
was composed in the year 1744, I have perused 
M. Barrere’s Dissertation on the Origin of figured 
Stones. It gave me peculiar satisfaction to find 
that the ideas of this accomplished naturalist, 
concerning the formation of downs, and the 
duration of the sea upon the surfime of the 
earth which we inhabit, exactly corresponded 
with my own. Aiguismortes, which is now 
more than a league and a half from the sea, was 
a port in the time of St. Louis. Psalmodi was 
an island in the year 815;, and it is now more 
than two leagues from the sea. The same change 
has happened at Maguclone. The greatest part 
of the vineyard bf Agde was covered, about 
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forty years ago, with the waters of the sea. In 
Spain, the sea, within these few years, has re- 
tired considerably from Blanes, from Badalona, 
from the environs of the river Vobregat, from 
Cape Tortosa, along the coast of Valencia, &c. 

The sea may form hills and mountains, 1. By 
transporting earth, slime, sand, and shells from 
one place to another. 2 By depositing seiliments 
composed of small particles* detaohed from the 
bottom and from the coasts. And, laslb/, bills 
and downs may be formed by sand and other 
particles driven against the coasts by particular 
winds; these are gradually deserted by the sea, 
and become parts of the dry land. Tiie downs 
of Flanders and Holland are of this kind. They 
consist of small elevations or hills, composed of 
sand and shells which have been blown from 
the sea upon the coasts. M. Barrcre gives an- 
other example, which merits observation. ** The 
sea,” he remarks, " by its motion, detaches 
immense (juantities of plants, sand, shells, and 
slime, from its bottom, which are continually 
pushed by the winds and the waves towards the 
coasts. The perpetual repetition of this opera- 
tion must give rise to gradual accumulations of 
new -strata, which elevate the earth, prcxluce 
downs and hills, enlarge the land, and confine 
the- sea within narrower bounds. 

“ It is apparent that new strata of dilTerent 
materials must have been. formed by the con- 
stant {Attrition of the waters, by the deposition 
of sediments, and by other causes, the operation 
of which has been cocv.'il vvith the existence' 
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of the globe itself. Of this we have a remark- 
able proof in the dilTeretit strata of fossil shells, 
and other sea bodies, found at Roussillon near 
the village of Naffiac, which is seven or eight 
leagues from the sea. These beds of shells, 
which incline at different angles from west to 
cast, are divided from each other by strata of 
earth and sand sometimes of a foot and a half, 
and sometimes of two or three feet in thickness. 
In dry weather they seem as if sprinkled over 
ivith salt, and form a chain of hillocks, from 
twenty-live to thirty fathoms high. A long chain 
of hillocks of such a height could not he formed 
at once, hut gradually, and hy a long succes- 
sion of time. Effects somewhat similar might 
have been produced by an universal deluge. 
But, in this case, the did'erent beds of fossil 
shells, instead of preserving a regular form, 
would have been blended together without any 
order.’* 

I entirely agr<*e with the sentiments of M. 
Biirrere, except as to the formation of moun- 
tains, which cannot be ascribed solely to those 
causes which increase the land and diminish 
the boundaries of the ocean. On the contrary, 
1 can produce several coiivincing arguments to 
prove, that most of those eminences, which ap- 
pear on the surface of the earth, have actually 
received their original formation in the sea itself: 
1. Because they have corresponding angles, 
which necessarily imply the cause we have sts- 
signed, namely, tl\,e motion of the currents. 8. 
Because downs and hills, which have originated 

VOL. II. o 
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from materials thrown upon the coasts, are not, 
like common hills, composed of marble and hard 
stones. Besides, the shells found in the former 
arc only in the fossil state; but those in the latter 
are entirely petrified. Neither is the position 
of the strata equally horizontal in downs, as in 
the hills composed of marble and hard stone. 
They are more or less inclined, as in the hills of 
Nalfiac. On the contrarv, in the hills and 
mountains formed by sediments under the waters 
of the sea, the strata are always parallel, and 
often horizontal ; and the shells and other matter 
of them are completely petrified. I despair not 
of being able to prove, that the marbles and 
other calcarious bodie.s, which are almost all 
composed of madrepores, astroites, and shells, 
have acquired their density and perfection at the 
bottom of the ocean. But the tufas, soft stones, 
incrustations, stalactites, &c., which arc like- 
wise calcinable, and have been formed since the 
earth was left dry, can never acquire the degree 
of density and of petrifaction peculiar to marble 
and other hard stones. 

The remarks of M. Saulmon, concerning the 
fillets, wliicli are fouiul in many places, may be 
seen in the History of the French Academy, 
afitio 1707. Tlie.se galets are round, Hat, finely 
IMilislied pieces of flint, thrown out by the .sea 
upon the coasts. At Bayeux, and at Prutel, 
which is a league from the sf.*a, galets are found 
in digging pits and wells. The mountains of 
Bonneuil, of Broie, and of Quesnoy, which arc 
eighteen it agues dbtant from the sea, are co- 
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vcred with galets. They are also foand iti the vaL 
ley of Clermont in Beauvois. M. Saultnon farther 
informs us, that a hole, sixteen feet in length, 
WHS pierced horizontally into the high beach of 
Tresport, which consists of a soft earth; and 
that, in the space of thirty years, it was entirely 
obliterated by the sea. Supposing the sea to en« 
croacii uniformly upon this shore, it will gain 
half a league in 13,000 yearsi 

The motions of the sea, therefore, must be 
regarded us the principal cause of all those 
changes which have already happened, and of 
those which are daily producetl upon the surface 
of the earth. But there arc other causes, which, 
though ies.s considerable, have some effect in 
changing the superficial parts of this globe. The 
rivers, the brooks, the melting of snows, the tor- 
rents, the frosts, &c., have given rise to many 
alterations. The rains have diminished the 
height of the mountains ; the rivers and brooks 
have elevated the plains, and dammed up the sea 
at their mouths; the torrents and the melting 
of snows have scooped out deep ravines or fur- 
rows in the valleys and narrow passages between 
the mountains ; the frosts have split rocks, and 
detached them from their original stations: in- 
numerable examples of revolutions produced by 
all these causes might be given. Varenius tells 
us, that the rivers transport into the sea vast 
(quantities of earth, aiid deposit them at greater 
or lesser distances from the shore, in proqiortion 
to the raqiidity' of their durrents. These portions 
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of earth fall to the bottom, and 6rst form small 
banks, which, by constant accessions, become 
shoals, and at last appear in the form of fertile 
and habitable islands. It is in this manner that 
the islands in tlie Nile, those in the river St. 
Lawrence, the island of Landa, situated near 
the mouth of the river Coanza, on the coast of 
Africa, the Norwegian islands, &c., have received 
their existence *. To these may be added the 
island of Trong-ming in China, which has been 
gradually formed by matters brought down by 
the river Nankin, and deposited near its month. 
This island is more than twenty leagues in length, 
and from five to six in breadth 

The Po, the Trento, and other rivers of Italy, 
bring down such quantities of earth into the 
/flginiej of Venice, especially in the time of in- 
undations, that they must be gradually filled up. 
Many parts of them arc already dry during the 
ebb tide •, and there is in' them no depth of water, 
except in the canals, which arc supported at an 
immense expense. 

I..arge sand-banks are thrown up at the 
mouths of the Nile, of the Ganges, of the In- 
dus, of the Plata, and of many other rivers. 
La I.oubere, in his voyage to Siam, informs us, 
that the banks of sand and of earth augment 
daily at the mouths of the great rivere of Asia, 
and to such a degree, that the navigation of thorn 


* See Vareii. <ieogr. p. 214 . 

+ See Lettres Tvlifiarit, rrc.Ai. p. 234 . 
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becomes every hour more diflicult, aiul will soon 
be impracticable. The same observation applies 
to the great rivers of Europe, and especially to 
the Wolga, which empties itself by more than 
seventy mouths into the Caspian, and to the Da- 
nube, which runs into the Black Sea by seven 
mouths, &c. 

As it seldom rains in Egypt, the regular in- 
undations of the Nile proceed from the torrents 
which fall into it from Ethiopia. It brings down 
vast quantities of mud, which it deposits annu- 
ally not only upon the soil of Egypt, but 
throws it to great distances into the sea, where 
it is laying the foundations of a new country, 
which must arise, in the course of time, out of 
the bosom of the ocean ; for, upon sounding at 
the distance of twenty leagues from the coast, the 
mud of the Nile is found at the bottom of the 
sea i and every year it receives fresh accuinuhi- 
tions. The Lower Egypt, now called the Delta, 
was formerly a bay *• Homer tells us, that the 
■island of Pharos was a day and a night’s voyage 
from Egypt; and now it is almost contiguous 
to the land. The soil of Ivgypt is not every 
where of an ctjual depth ; it grows thinner the 
farther we remove from the sea. Near the banks 
of the Nile, tiiere are sometimes more than thirty 
feet of gooil soil ; but at the extremity of the in- 
undation, there are not, perhaps, above seven 

* See Diodor. Sir. lih. iii. Aristol. cle Meteor, lib. i. rai« 

• t. lli roilot. § +. .5, &r. 
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inches. All the cities of the Lower E^ypt have 
oeen built upon artificial eminences * . 'I'lie town 
of Damietta, which is now ten miles from the 
sea, was a part of the ocean in the year 1243. 
The town of Fooah, which, 300 years ago, was 
situated at the mouth of the Canopic branch of 
the Nile, is now seven miles distant from it. 
Within forty years, the sea has retired half a 
league from Rosetta, &c. f 

Many changes have also taken place at the 
mouths of tJje gCrat rivers of America, and even 
in those witich have been but lately discovered. 
Charlevoix fells us, ‘‘that at the mputh of the 
Miasisippi, below New Orleans, the land runs 
out into a point, wiiich appears not to be very 
ancient ; because, wherever the earth is dug, 
plenty of water is found j and besides, the many 
little islands, which have recently appeared in all 
the mouths of this river, leave no room to doubt 
that this point of land was formed in the same 
manner. It is certain,” says he, “ that when M. 
Salle sailed down the Missisippi to the .sea, the 
mouth of this river was considerably different 
from what it is now. 

The nearer,” he adds, “ we approach the 
sea, this difl'erence becomes the more conspicuous. 
There is no water in most of the small channels 
put in the bar by the river. Tliese channels 
are greatly multiplied by the trees brought down 
by the current. A single'irce, with its branches 


* See Shaw’s Travels. 


t Ibid. 
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and roots, when stopped in a shallow part of the 
river, will entangle a thousand. I have seen,” 
says he, 200 leagues from New Orleans, dif- 
ferent collections of trees, any one of which 
would fill all the wood-j^artls in Paris. Nothing 
can disentangle them. The mod brought down 
by the river serves as a cement, and gradually 
cover’s them. Every inundation leaves a new 
stratnm ; and, in a few’ years, plants and shrubs 
begin to grow.” Jt is in this manner that most 
points of land and islands, which so often 
change the course of rivers, are originally pro- 
duced. 

All the revolutions, however, produced by 
rivers, are very slow, and become not consider- 
able till after a long course of years. But those 
which are occasioned by inundations or earth- 
quakes are sudden and almost instantaneous. 
According to the Tiinasus of Plato, we are as- 
sured, by the ancient priests of Egypt, 600 years 
before the birth of Christ, that there existed an 
island beyond the Pillars of Hercules, called 
Atlantis, which was larger than both Asia and 
Lybia taken together ; and that this great island 
was sunk under the waters of the ocean by a 
terrible ear(h<|iiake. “ I'mditur Atheiiicnsis civi- 
tas rcstitisse olim inuumeris hostium copiis (juie, 
ex Atlantico mari prefect®, prope cunctam Eu- 
ropam Asianiquc obscdcriiiit ; tunc enim fretuni 
iihul navigubilc, habciis in ore et quasi vcstibulo 
ejus iusulani quam Hcrculis Columnas cugnoini- 
naiit : ferterqne insula ilia Lyhid simul ct Asia 
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Major fuisse, per quam ad alias proximas insulas 
patebat aditus, atque ex insulis ad otntiein con- 
tinentem 6 conspectu jacentem vero tnari vici- 
nam; sed intrk os ipsum portus angiisto sinit 
traditur, pelagus illud verum mare, terra quoque 
ille ver6 erat continens, &c. Post haec ingenti 
terra) motu jugique diei uuius et noctis illuvione 
factum est, ut terra dehisccns omnes illos belli- 
cosos absorberet, et Altantis insula sub vasto 
gurgite mergeretur ." — Plato in Ttnuso. Tiiis an- 
cient tradition is not devoid of probability. The 
lands swallowed up by the waters were, perhaps, 
those which united Ireland to the Azores, and 
the Azores to the continent of America; for, in 
Ireland, there are the same fossils, the same 
shells, and the same sea bodies, as appear in 
America, and some of them are found in no other 
part of Europe. 

Two evidences are mentioned by Eusebius on 
the subject of deluges: the one is Melo, who 
affirms, that all the plains of Syria were for- 
merly laid under water : the other is Abidenus, 
who says, that, in the reign of king Sisithrus, 
there was a great deluge, which had been pre- 
dicted by Saturn. Plutarch, De Solertia Anima- 
liunit Ovid, and other mythologists, describe the 
deluge of Deucalion, which happened, they say, 
in Thessaly, about 700 years after the universal 
deluge. It is also alleged, that there was a 
still more ancient deluge in Attica, during the 
time of Ogiges, about 230 years before that of 
Deucalion. In the year 109->, a deluge in Syria 
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drowned a prodigious number of people*. In 
1164, a deluge in Friesland covered the whole 
environs of the coasts, and drowned several 
thousands of the inhabitants f . Another inun* 
dation, in 1218, destroyed 100,000 men. Of in- 
undations there are many other examples. 

Impetuous winds may be regarded as a third 
cause of changes on the surface of the globe. 
They not only give rise to downs and hills along 
the sea-coasts, but they often arrest rivers, make 
them regorge, and change their directions. They 
carry oil' cultivated lands, tear up trees, over- 
turn houses, and cover whole countries with sand. 
Upon the coast of Brittany, in France, we have 
an example of these inundations of sand : the His- 
tory of the Academy, amo 1722, describes it in 
the following terms : 

** In the environs of St. Paul de Leon, in 
Lower Brittany, there is a province on the sea- 
coast, which, before the year 1666, was inha- 
bited; but now is totally deserted, on account 
of the sand, which has covered it to the depth 
of twenty feet, and which daily gains ground. 
Reckoning from the above period, the sand has 
advanced about six leagues into the country; 
and it is now within half a league of St. Paul, 
and that town must probably soon be deserted. 
The tops of steeples, and of some chimneys, 
still appear above this ocean of sand. The in- 
habitants, however, nave always had leisure to 
quit their possessions in safety.” p. 7. 

* See Aisled. Chron. chap. 25. f Krauk, lib. y. c. 4. 
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“ This calamity is aagmented by an east, or 
a north wind, which elevates this fine sand, and 
carries it in such quantities, and with such rapi- 
dity, that M*. Deslandes, to whom the Aca- 
demy are indebted lor the observation, when 
walking in this country during an east wind, 
found himself obliged to shake his hat and his 
garments from time to time, on account of the 
great weight of sand with which they were 
loaded. Besides, when the wind is violent, it 
carries the sand over a small arm of the sea, as 
fur as Roscof, a port much frequented by fo- 
reign vessels; and the sand accumulates in the 
streets of this village to the height of two feet, 
which obliges the inhabitants to drive it off in 
waggons. It may be farther remarked, that the 
sand is mixed with ferruginous particles, which 
are recognisable by the magnet. 

** The coast which furnishes this sand extends 
from St. Paul to Plouefcat, a space of more than 
four leagues; and it is nearly on a level with 
the sea when the tide is full. It is situated 
in such a manner that the east and north-east 
winds only can blow the sand in upon the coun- 
try. It is easy to conceive how sand carried 
and accumulated into any place by the wind, 
iiiay again be taken up by the same wind, and 
carried still farther. Thus the sand may con- 
tinue advancing, and covering new land, as long 
as the magazine from which it originally pro- 
ceeds shall remain unexhausted; for, if the foun- 
tain were once dried up, the sand, by advancing, 
would diminish . in depth, and its destructive 
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consequences would gradually decay. But it is 
not improbable that the sea may long conti- 
nue to supply fresh sand, and keep this bane- 
ful magazine in a condition to do perpetual 
mischief. 

“ This disaster is not of an old date. Perhaps 
it was not till lately that the place was siifli- 
ciently stored to allow great quantities of sand 
to be carried off; or, perhaps, it has but recently 
been left uncovered by the waters. This coast 
has undergone some change. At present, the 
sea, at full tide, reaches half a league on this 
side of certain rocks, which it formerly never 
passed. 

“ This miserable province justifies what has 
been related, both by ancient and by modern 
travellei-s, that whole cities, and even vast ar- 
mies, have been buried by tempests of sand in the 
deserts of Arabia.” 

Mr. Shaw relates, that the ports of Laodicea, 
Tortosa, Rowadsa, Tripoly, Tj'^re, Acra, and 
Jaffa, are blocked up with sand transported by 
the high waves which rise on that part of the 
coast of the Mediterranean, when the west wind 
blows with violence *. 

It is needless to give more examples of alter- 
ations on the surface of this globe. The fire, 
the air, and the waters, produce continual 
changes, which, in a succession of ages, become 
considerable. The sea and the land not only 
f'.hange places from the effects of general and 


* Sec Shaw's Travels. 
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Stated periodic law's, but a number of revolu- 
tions are occasioned by particular and accidental 
causes, as earthquakes, inundations, sinkings of 
mountains, &;c. Thus the surface of the earth, 
whicli we regard as the most permanent of all 
things, is subjected, like the rest of nature, to 
perpetual vicissitudes. 



CONCLUSION. 


1^’ROM the proofs delivered in art. vii. and 
viii., it appears to be an established fact, that 
the whole surface of what is now dry laud, 
was formerly buried untler the waters of the 
ocean. It is equally clear, from art. xii., that 
the flux and rcilux, and other movements of 
the ocean, perpetually detach from the coasts, 
and from the bottom of the sea, shells, and 
matter of every species and that these arc de- 
posited in other places in the form of sediments, 
and give rise to the horizontal strata which 
every where appear. In the ixth art. we have 
proved, that the inequalities on the surface of the 
globe have been occasioned by the motion of the 
w’aters of the sea; and that the mountains re- 
ceived their original formation from successive 
accumulations of sediments. It is likewise evi- 
dent, from art. xiii , that the currents, which first 
followed the direction of these inequalities, af- 
terwards bestowed on them their present iigure, 
namely, their alternate and corresponding an- 
gles. From art. viii. and xviii. it appears, that 
most of the matters detached from the coasts 
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and from the bottom of the sea, were, when de- 
posited in sediments, in the form of a fine im- 
palpable powder, which entirely filled the cavi- 
ties of shells, whether this powder was of the 
same nature, or only analogous to the matter of 
A’hich the shells were composed. It is unde- 
niable, from art. xvii., that the horizontal strata, 
which have been formed by successive accumu- 
lations of sediments, and which at first were soft 
and ductile, acquired density and compactness in 
proportion as they dried ; and that the perpendi- 
cular fissures in the strata derived their origin 
from the act of drying. 

After perusing art. x. xi. xiv. xv. xvi. xvii. 
xviii. and xix. we must be convinced, that the 
surface of the earth has been disfigured by many 
revolutions and particular vicissitudes, arising 
from the operation of the waters, and the cllects 
of rains, frost, rivers, winds, subterraneous 
fires, eai'thquakcs, inundations, &c., and, conse- 
quently, that the sea has alternately changed 
places with the dry land, especially in the first 
ages after the creation, when terrestrial substances 
were much softer than they are at present. 
It must, however, be acknowledged, that our 
judgment concerning the succession of natural 
revolutions cannot fail to be very imperfect; 
that we are still less competent judges of those 
changes which owe iheir birth to fortuitous 
events ; and that . the defect of historic records 
deprives us of the knowledge of particular facts. 
We desiderate both time and experience. We 
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never consider, that, though our existence here 
be extremely limited. Nature proceeds in her 
course. We are ambitious of condensing into 
our momentary duration both the past and the 
future, without reflecting that human life is only 
a point of time, a single fact in the history of the 
operations of God. 



FACTS AND ARGUMENTS 


IN SUPPORT OF THB 

COUNT DE BUFFON’S 

EPOCHS OF NATURE. 


The treatise composed by the count dc Buffon, 
under the title of Les Epoques de la Nature, is 
exceedingly ingenious. It is intended to esta- 
blish, by tacts and reasoning, his Theory of the 
Formation of the Planets But as this theory, 
however it may be relished on the continent, 
is perhaps too fanciful to receive the general 
approbation of the cool and deliberate Briton, 
the translator has been mlviscd not to render it 
into English. Many of the facts, however, are 
too important to be omitted. Instead of a regular 
triinslation, therefore, he shall give a general 
view only of the positions laid down in this 
treatise, together with the most interesting facts 
produced in support of these positions. 


* Sec vol. i. p. 59 of this work. 
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' The count de Buf!bn begins his subject with 
a preliminary discourse, in which he endeavours 
to unfold the different changes* the terrestrial 
globe has undergone from its first projection out 
of the sun to the present time. In this discourse, 
the author observes the following order :1.^ He 
mentions such facts as may lead us to the origin 
of nature. 2. He marks those monuments 
which ought to be regarded as the evidences of 
the first ages. 3. He collects such traditions as 
may convey some idea of the ages which suc- 
ceeded. “ After which,” says he, “ we shall 
endeavour to connect the whole by analogies, 
and to form a chain, which, from the commence* 
meat of time, shall descend to the present days.” 


FIRST FACT. 

The earth is elevated at the equator and de- 
pressed- at the poles, in the proportion required 
by the laws of gravity and of the centrifugal 
force. 


SECOND FACT. 

The earth possesses an internal heat which is 
proper to itself, and independent of that commu- 
nicated to it by the rays' of the sun. 
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THIRD FACT. 

The heat conveyed to the earth by the son is 
very small when compared with the heat proper 
to the globe j and this heat transmitted by the 
sun would not alone be sufficient to. support ani- 
mated nature. 


FOURTH FACT. 

The materials of which the earth is composed 
are, in general, of a vitreous nature, and the 
whole of them may be converted into glass. 


FIFTH FACT. 

We find on the whole surface of the earth, and 
even on the mountains, to the height of 1,500 
and 2,000 fathoms, an immense quantity of 
shells and other relics of marine productions. 


The first fact, namely, the elevation of the 
globe at the equator arid its depression at. the 
poles, has been mathematically demonstrated and 
physically proved by the theory of gravitation, 
and by experiments With the pendulum. The 
'figure of the earth is precisely the same which a 
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ilnid globe revolving round ifs' axis wilh equal* 
celerity would assume. Heuce the matter . of 
which the earth is composed was in a state of 
fluidity the moment it assumed its form, and this 
moment happened whenever it began to turn 
rouiiil its own axis. Now, though heat is the 
general cause of fluidity, since water itself, with- 
out heat, would form a solid mass, we have- two 
methods of conceiving the possibility of the pri- 
mitive fluid state of the earth. The first is the 
solution of terrestrial matters in water; and the 
second is their liquefaction by fire. But most of 
the solid matters of which tlie earth is composed 
are not soluble in water; and, at the same 
time, the quantity of water, in proportion to that 
of dry and solid matter, is so small, that it is im- 
possible the one could be dissolved by the other. 
Of course, as this state of fluidity could not 
be etfected by dissolution or maceration in water, 
this fluidity must have been produced by the 
operation of fire. 

This conclusion assumes a new degree of pro- 
bability from the second fact, and is rendered 
certain by the third. The internal heat of the 
globe, which still subsists partially, and is greater 
than that afforded by the sun, shows that this 
primitive fire is not yet nearly dissipated. Th6 
surface of the earth is colder than its interior parts. 
Uncontrovertible and reiterated experiments 
evince, that the whole mass of the globe has a 
heat proper to itself, and totally independent of 
that of the sun. This heat is rendered evident by 
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.comparing oar winters with our summers * and 
it is still more palpable when wc penetrate into 
the bowels of the earth. At ^ual depths, it is 
invariably the same, and it appears to augment 
in proportion as we descend. 

“ At no great depth, we perceive a heat which 
never varies with the temperature of the atmo- 
sphere. We know, that the liquor of the ther- 
mometer remains, during the whole year, at the 
same height in the caves of the Observatory, 

. which exceed not eighty-four feet, or fourteen fa- 
thoms below the surface. Hence this poiiit has 
been fixed as the mean temperature of our cli- 
mate. This heat commonly continues necarly 
the same, from fourteen or fifteen lo sixty, eighty, 
or one hundred fathoms, more or less, according 
to circumstances, as wc experience in our mines. 
Beyond this depth it augments, and sonietime.s 
becomes so great, that the workmen could not 
support it, if they were not cooled by fresh air, 

either from air-pits, or from falls of water 

M. de Gensanue found, that, in the mines of Gi- 
romagny, three leagues from Befort, when the 
thermometer was carried fifty-two fathoms deep, 
it stood at ten degrees, as in the caves of the Ob- 
servatory ; that, at 106 fathoms deep, it stood at 
'10^ degrees; that, at 1^8 fathoms, it mounted to 
I6i degrees; and that, at 222 fathoms, it rose to 
. 18a degrees f.” 

* See Suppl. tom. i. part i. and particularly the two Me - 
moirs, siir la Temperature dcs Planetes^ Suppl. tom. ii. 
t Dissert, sur la Glace, par M. Mairan, p. 60 . 
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In proportion as we descend into the bowels 
of the earth,” M. de Gensaniie remarks, ** wc 
perceive a sensible increase of heat. One thou- 
sand eight hundred feet below the level of the 
Rhine, at Huninguen, in Alsace, I found, that 
the heat was so great as to produce a sensible eva- 
poration from water. A detail of my experi- 
ments on this subject may be seen in the last edi- 
tion of that excellent Traite de la Glace com- 
posed by my deceased illustrious friend M. Dor- 
tous de Mai ran f 

“ All the rich veins of every species of metal,” 
says M. Eller, “ are in the per|)endiciilar fissures 
of the earth ; and the depth of these fissures can- 
not be ascertained. In Germany, some of them 
have been traced above 6,000 feet deep. In 
proportion as the miners descend, they feel that 
the temperature of the air becomes always 
hotter f.” 

Though our deepest mines and pits are incon- 
siderable e.xcavntions, yet the internal heat is 
more sensibly felt in them than on the siirface. 
We may, therefore, presume, that, if wc (ronld pe- 
netrate still deeper, this heat would increase, and 
that the parts near the centre of the earth arc 
hotter than those more distant. I'his internal 
heat is likewise apparent from the tem[>cralure of 
the ocean, the waters of which, at equal depths, 
exhibit nearly the same heat us that of the inte- 
rior parts of the earth. “ Having plunged a ther- 

* Hist. Nat. (Ic Languedoc, tom, i. p. 24-. 

•f Mem. Rur la Generation des Metanx. Acndoniio de 
Beilin, anil. 173.3. 
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mometer,” M. Marsigli remarks, “ into the sea 
in different -places and at different times, it was 
"found that the temperature at ten, twenty, thirty, 
and one. hundred and twenty fathoms, was 
equally from ten to lOj degrees*.” On this 
subject M. de Mairan judiciously remarks, 
** that the hottest waters, which are at the 
greatest depth, must, as being the lightest, conti- 
nually ascend above those that are heavier. 
Hence, according to Marsigli’s observations, the 
temperature of this immense body of water must 
be always nearly equal, except near the surface, 
which is c:rposed to the impressions of the air, 
where the water sometitiies freezes before it has 
time to descend by its own weight and cool- 
ness 

Besides, it is easy to show, that the fluidity of 
the ocean ought not, in general, to be ascribed 
to the powers of the solar rays j since we learn 
from experience, that the light of the sun 
does not penetrate the most limpid water 
above GOO feet} and, of course, that its heat 
will not reach above a fourth part of that 
depth, or 150 feet. The late M. Bouguer, 
a learned astronomer of the Royal Academy of 
Sciences, found, that, when sixteen pieces of 
common glass were applied to each other, and 
making a thickness of 9^ lines, the light, in pass- 
ing through these sixteen pieces of common gla.ss, 
was diminished 247 times. He then placed 


* I.’Hist. Physique de la Mer, par Marsigli, p. Ifl,. 
t DisserL sur la Glace, p. 69. 
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seventjr*foiir pieces of the same glass tii a tube, and 
at some distance fltmi each other. 'When this ex* 
periment was made, the siiU was fifty degrees above 
the horixon. A very faint appearance of the 
sun’s disk was still perceptible through these 
seventy-four pieces of glass. . The persons who 
attended him could likewise perceive, but with 
difficulty, a feeble light. But, when other three 
pieces of glass were added to the seventy-four, 
none of them could distinguish the smallest ves- 
tige of light. Hence, if we suppose eighty pieces 
of the same glass, we have a thickness which 
will render it perfectly opaque.' 

From this analogy between the transparency 
of glass and water, M. Bouguer found, that, to 
render sea water, which is the most limpid of 
all waters, perfectly opaque, a thickness of 356 
feet is hecessary, provided, by another experi- 
ment, the light of a flambeau was diminisbed 
in the proportion of fourteen to five in traversing 
ll5 inches of water contained in a tube of nine 
feet seven inches in length. Hence, according 
to M. Bouguer, no sensible light can pass 
deeper than 356 feet in water*. 

It appears to me, however, that the conclu- 
sion drawn by M. Bouguer is very distant from 
the truth. His experiments should have been 
made with masses of glass of differerit thick- 
nesses, and not with separate pieces a[>i>licd to 
each other. I am persuaded tout the sun’s 
light would penetrate a greater thickness than 


* L''$sui d’Optiquu sur Ih Gradation dc la Lutnicra, p. 8o. 
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that of these eighty pieces, whicli formed a 
thickness of no more than 47i lines, or near four 
inches. Now, though these pieces lie employed 
were of common glass, it is certain that a solid 
mass of the same glass, of four inches thick, 
'would not entirely intercept the light of the 
sun, especially as 1 know, by my own experi- 
ence, that light passes easily through six solid 
inches of white glass. I believe, 'therefore, that 
the thicknesses assumed by M- Boiiguer should 
be more than doubled, and that the light of 
the sun penetrates 600 feet deep into the waters 
of the ocean j for there is another inaccuracy 
in M. Bouguer’s experiments. He did not 
make the light of the sun pass through his tube 
of nine feet seven inches long: he employed the 
light of a flambeau, and thence concluded the 
diminution to be in the proportion of fourteen to 
five. But I am persuaded, that, if the light of 
the sun had been employed, this diminution 
would not have been so great, especially as the 
light of a flambeau could only pass obliijuely, 
whilst that of the sun, by passing directly, 
would have penetrated deeper hy its incidence 
alone, independent of its purity and intensity. 
'I'hus, ' taking all circumstances into consi- 
.deration, it appears, that, to apiiroach the 
truth as near as possible, we should suppose, that 
the light of the .sun penetrates the sea to the 
depth of 6 JO feet, and that its heat reaches 1.50 
feet deep. The light and heat must here be 
understood as sensible degrees only of these 
qualities. 
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That the hent of the sun penetrates not above 
150 feet deep in the waters of the ocean, I as- 
certained by analogy, derived from an experi- 
ment which appears to be decisive. With a 
lens of twenty-seven inches diameter by six 
inches thick at the centre, I perceived, that, by 
covering the middle part, the lens burnt only 
from the circumference as far as four inches 
thick, and that all the thicker part' scarcely pro- 
duced any heat. I then covered the whole lens, 
except an inch round the centre, and 1 found, 
that, after passing this thickness of six inches of 
glass, the light of the sun had no influence on 
the thermometer. Hence I am warranted to pre- 
sume, that this same light, weakened by 150 feet 
thick of water, would not produce a perceptible 
degree of heat. 

The light proceeding from the moon is un- 
questionably a reflected light of the sun. This 
light, however, has no sensible heat, even when 
the rays are collected into the focus of a burn- 
ing-glass. Neither w'ould the light of the sun 
have any heat after passing through a certain 
depth of water; because it would then be 
equally feeble as that of the moon. 1 am, there- 
fore, pei’suaded, that, by allowing the rays of 
the sun to pass through a large tube tilled with . 
water, and oidy fifty feet long, which is no mure 
than a third of the depth 1 have supposed, this 
feeble light would produce no effect upon the 
therinoincter, even though the liquor sto«^ at 
the li-eeziiig point. From whence I may con- 
clude, that, though the light of the .*<1111 pene- 
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.trates 600 feet in the waters of the ocean, its 
teat would not reach one fourth part of that 
depth. All the waters below this point would 
necessarily freeze, unless there was an internal 
heat in the earth, which alone can 'maintain 
their fluidity. In the same manner it is proved, 
by experience, that the heat of the solar rays pe- 
netrates not above fifteen or twenty feet , deep in 
the earth, since ice is preserved at these depths 
during the Avarnicst summers. Hence, it is clear, 
that below the basin of the sea, as well as under 
the superior strata of the earth, there is a per- 
petual emanation of heat, which ■ supports the 
fluidity of the vvafers, and produces the tempe- 
rature of the earth. In the interior parts of 
the earth, therefore, a heat exists, which is proper 
to it, and which is totally independent of that 
communicated by the sun. 

We might confirm this general fact by a num* 
ber of particular ones. Every man has re- 
marked, that the snow melts in all places where 
the vapours of the interior parts of the earth have 
a free issue, as over pits, covered aqueducts, 
vaults, cisterns, &c., while in all other places, 
where the cailh, bound up by the frost, inter- 
cepts these vapours, the snow not only remains, 
but, instead of melting, freezes. This circum- 
stance is alone sufficient to show, that these 
emanations from the internal parts of the earth 
have a real and sensible degree of heat. 

With regard to the fourth fact: after the sa- 
tisfactory proofs we have given in several ar- 
ticles of our Theory of the Earth, it is apparent. 
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that the materials^ of which the globe is com- 
posed are of the nature of glass. This general 
truth, which we ' can prove by experience, was 
not altogether unknown to Leibnitz, a German 
philosopher, whose name will continue to be an 
honour to his country: 

“ Sane plerisque creditum et a sacris etiam 
scriptoribus insinuatum est, conditos in abdito 

telluris .ignis thesauros -Adjuvant vultus, 

nam omnis ex fusione SCORijE vrTRi est genus. 

Talem vero esse globi nostri superfi- 

ciem (neqiic enim ultra petietfare nobis datum) 
reapse experimur, omncs ehim- terras et lapides 

igne vitrum reddunt '.nObis- satis' est ad- 

moto igne omnia terrestria in VITRO PINIRI. 
Jpsa magiia telluris ossa nudaeque illas rupes at- 
que immortales silices cum tota fere in vitrum 
abeant, quid nisi concreta sunt ex fusis olim 
corporibus et prima ilia magnaque vi quam in 
facilem adhuc materiam exercuit ignis naturae 
. . . . . cum igitur omniaque non avolant in 
auras tandem funduntur, et speculorum imprimis 
urentium ope, vitri naturam sumant, hinc facile 
intelliges vitrum esse velut T£RR£ BASIN, et na- 
turani ejus casterorum plerumque corporum larvis 
latere. G. G. Leibnitii protogaea. Gocltingact 
1749, p. 4 et 5." 

The basis of minerals, of vegetables, and of 
animals, consists of vitrifiable matter; for all 
their residua may be ultimately converted into 
glass. The substances called refractory by che- 
mists, and which they consider ^ not fusible, 
because they resist the action of their furnaces 
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MTithout being changed into glass, may, not^ith> 
standing, be vitrihed by the more intense heat of 
burning-glasses. Hence all the materials of this 
gldbe, at least all those which are known to us, 
have glass for their basis, and may be ultimately 
reduced to their primitive state. 

We have, therefore, proved the original lique- 
faction by fire of the whole tfiass of this globe, 
agreeably to the most rigorous rules of logic: 

1 . ^ priorii by the first fact, namely the eleva- 
tion of the earth at the equator, and its depres- 
sion at the poles. Q. j4b aclti, by the second 
and third fact, namely, the internal heat of the 
globe which still subsists. 3. A posteriorly by 
the fourth fact, which shows the eflect of this 
action of fire, i. e. glass, in all terrestrial sub- 
stances. 

But, though the materials which compose this 
globe have originally been of a vitreous nature, 
and may all be reduced to glas.s, they ought to 
be distinguished from each other with regard to 
the difierent states in which they are found be- 
fore they are converted into glass by the action 
of fire. They should, in the first place, be tli- 
vided into vitrifiable and calcarious substances. 
The first undergo no change by fire, unless it 
be pushed to such a degree of intensity as is suffi- 
cij?nt to reduce them to glass; but an inferior 
degree of heat reduces the others to lime. The 
quantity of calcarious substances, though very 
considerable, is. small when compared to those 
which are vitrifiable. The fifth fhet above laid 
down, proves, tijat calcarious bodies have been ' 
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formed at a different period, and by another ele* 
ineut; and we evidently perceive, ' that all the 
matters which have not been produced by the 
immediate action of the primitive fire, have been 
formed by the intervention of water; because 
they are all composed of shells and other relics 
of marine bodies. Under the class of vitrifiable 
substances are comprehended pure rock, quartz, 
sand, free-stone, granite, slates, clays, metals, 
and metalliic minerals. These substances form 
the genuine basis of the globe, and compose 
its principal and greatest part. The whole of 
them have been originally produced by the pri- 
mitive fire. Sand is nothing but ghiss in powder; 
slates, dried clays, pure rock, free-stone, and 
granite, are only vitreous masses, or vitrifiable 
.sand in a concreted form. Flints, crystals, 
metals, and most other minerals, are only dis- 
tillations, exudations, or sublimations of the first 
matters, all of which unfold their primitive origin 
and their common nature, by their aptitude of 
being converted into glass. 

But calcarious sand and gravel, chalk, brown 
free-stone, marble, alabaster, calcarious spatha, 
both opaque and transparent, in a word, every 
substance which can be converted into lime, 
do not at first exhibit their original nature. 
Though, like all tlie others, they proceed from 
glass, calcarious bodies have passed through 
filtres, which have changed their appearance. 
They have been formed by water. They are 
composed entirely of madrepores, shells, and 
other relics of aquatic animals, which alone 
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are capable of converting fluids into solids, and 
of transforming the water of the sea into stone. 
Common marble and other calcarious stones are 
composed of entire shells and fragments of shells, 
of madrepores, astroites, &c., all the parts of 
which are either still evident, or easily recog- 
nisable. Gravel is nothing but broken fragments 
of marble and calcarious stones, which frost and 
the action of the air detach from the rocks j 
and they are equally convertible into lime. 
Lime may also be made of shells, chalk, and 
light land-stone. Alabaster, and those marbles 
which contain alabasU'r, may be regarded as large 
stalactites, which are formed at the expense of 
other marbles and common stones. Calcarious 
spatha is likewise formed by exudation or distil- 
lation from calcarious substances, in the same 
manner as rock crjrstal originates from vitri- 
fiable matters. All this may be proved by in- 
specting these different substances, and by 
examining attentively the great monuments of 
nature. 


MONUMENT FIRST. 

' Shells and other productions of the ocean are 
fotmd on the surface and in the interior parts of 
the earth : and all the substances called calcarious 
are composed of the remains of these marine 
bodies. 
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MONUMENT SECOND. 

In examining those shells and other marine 
productions found in France, Britain, Germany, 
and all the other parts of Europe, we discover, 
that most of the animals to which these remains 
have belonged, are not to be found in the adja- 
cent seas, and that these speciefs either have now 
no existence, or are to be found only in the 
southern seas. In the same manner, we .see, in 
slates and other substances, at great depths, im- 
pressions of fishes and plants, none of which 
belong to our climates, and which either do not 
exist, or are to be met with in southern glimates 
only. 


MONUMENT' THIRD. 

In Silieria, and other northern regions of Eu- 
rope and Asia, we find the skeletons, tusks, and 
bones of elephants, hippopotami, and rhinoce- 
roses, ill quantities sufficient to convince us, that 
these animals, which at present can propagate 
only in the southern regions, formerly existed 
and propagated in northern countries; and it 
has been remarked, that these remains of ele- 
phants, and other Aerrestrial animals, are found 
at inconsiderable depths below the surface. But 
shells and other marine bodies are buried deep in 
the interior parts of the earth. 
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MONUMEOT FOURTfL 

The tusks and bones of elephants, as well as 
the teeth of the hippopotamus, are found, not 
only in the northern parts of our continent, but 
likewise in those of North America, though the 
species of the elephant and rhinoceros have now 
no existence in the New World. 


MONUMENT FIFTH. 

In the middle of continents, and in places 
most remote from the sea, we find an infinite 
number of shells, most of which belong to ani- 
mals actually existing in the southern ocean, and 
several others have no known representatives; 
so that tiieir species seem ' to have been annihi- 
lated by causes till now unknown. 

By comparing these monuments with the 
facts, w'e at once perceive, that the time when 
vitrifiable substances were formed is much more 
remote than that of the formation of calcarious 
bodies; and may now distinguish four, and even 
five epochs of the remotest antiquity : the first, 
when the matter of the globe was in fusion by 
fire, when the earth assumed its form, and the 
equator was elevated and the poles depressed by 
its rotatory motion : the second, when this mat- 
ter consolidated, and formed the great masses of 
vitrifiable substances: the third, when the sea 
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covered the whole land now inhabited, and nou- 
rished shell animals, the remains of which have 
formed calcarious bodies : the fourth, when the 
w’aters which cover our continents retired to 
their proper basins : a fifth epoch, the indica* 
tions of which are equally clear tis the other 
four, is the time when the elephant, the hippo- 
potamus, and other southern animals, inhabited 
the regions of the north. This epoch is evi- 
dently posterior to the fourth, since the relics of 
terrestrial animals are found near the surface of 
the earth, w'hilst those of marine animals are 
generally, and even in the same places, buried at 
great depths. 

'What, will any man maintain, that ele- 
phants, and other animals now peculiar to the 
south, have formerly inhabited the regions of 
the north ? This fact, however singular and ex- 
traordinary it may appear, is not the less cer- 
tain. Great quantities of ivory have been, and 
daily are hnmd in Siberia, in Russia, and in 
other northern countries of Europe and Asia. 
These tusks of the elephant are found some 
feet below the earth, or they are exposed by 
the waters when they break down the banks 
of rivers. We find tusks and bones of the 
elephant in so many places, and in such 
quantities, that they never could be brought 
into such cold regions by human power. From 
incontestible and reiterated proofs, we are 
obliged to acknowledge, that these animals were 
formerly natives of the north, as they are now 
of the south. What renders this fact mor&jnar- 

VOL. II. Q 
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vcllous nnd more diflicult to explain, we find tbc 
remains of those animals, now peculiar to the 
south of the Old Continent, not only in our 
northern provinces, but likewise in Canada and 
other parts of North America. In the Royal 
Cabinet there arc several tusks and many bones 
of tlie elephant which were found in Siberia. We 
have other tusks and bones of the same animal 
which were found in FranCe ; as well as teeth of 
the hippopotamus discovered in America, near 
the river Ohio. Hence these animals, which 
cannot subsist in cold countries, have formerly 
existed in northern climates. Of 'course, the 
frozen zone was at that period equally warm as 
our torrid zone is at present; for it is impossible 
that the bodily constitution and real habits of 
these animals, which arc the most permanent and 
invariable things in nature, should so far change 
as to bestow the temperature of the rein-deer upon 
the elephant. Neither can we suppose that these 
southern animals, which require much heat for 
their subsistence, could ever live and multiply in 
northern regions, if the climate were equally cold 
as it is at present. M. Gmelin, who travelled in Si- 
beria, and there collected many bones of the ele- 
phant, supposes that vast inundations in the south 
had driven the elephants to the north, where they 
' would all perish at once by the rigour of the cli- 
mate. But this cause is not proportioned to the 
effect. More ivory, perhaps, has already been 
brought from the north than all the elephants of 
India now existing could furui.sh. Much more 
will be discovered when the vast deserts of the 
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north, which are scarcely known, shall be peopled, 
and the carih cultivated and dug by the hands of 
man. Desjdes, it is extremely improbable, that 
these animals should take the route which is 
most repugnant to their nature j for, if they were 
£»ash(’d by inundations from the south, why did 
they not rather fly to the east and west ? Why 
did they fly as far as the sixtieth degree of north 
latitude, w'hen they might have stopt on the 
road, or turned aside to more fortunate climates ? 
And i»ow is it possible to conceive, that, by 
an inundation from the southern ocean, the 
elephants were chased 1,000 leagues into the 
Old Continent, and more than 3,000 into 
the New ? It is impossible that an inunda'*- 
tion from the Indian ocean should drive the 
elephants into Canada, or even into Siberia j and 
it is eijualiy im£)OssibIc, that they should arrive 
in such numbers as arc indicated by their remains. 

Dissatisfied with this explication, I imagined 
that a more plausible one might be given, and 
which should jierfectly correspond with my 
theory of the earth. l?ut, before exhibiting my 
ideas on this subject, I shall, to prevent mis- 
takes, remark, 

1. That the ivory found in Siberia and in 
Canada unquestionably belongs to the ele- 
phant, and not to the morse or sea-cow, a» 
some voyagers have pretended. In the north- 
ern regions, we likewise find the fossil ivory of 
the morse; but it is different from that of the 
elephant ; and they are easily distinguished by 
comparing their internal texture. The tusl^ 

Q 2 
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the grinders, the scapulae, the thigh bones, arid 
other bones Ibund in the northern climates, cer- 
tainly belong to the elephant } it is even impos- 
sible to hesitate concerning the identity of the 
species. 'I'he large square teeth discovered in 
tlie same northern countries, the grinding side of 
which resembles the spade painted on cards, 
have every mark of the dentes ntolares of the 
hippopotamus; and those ' enormous teeth, the 
grinding side of which is composed of large blunt 
points or protuberances, have belonged to some 
terrestrial animal that now no longer exists, like 
the great volutes, culled cornua ammonis, which 
at present exist not in the ocean. 

2. The bones and tusks of these ancient ele- 
phants are every way as large as those of the 
Indian elephants, to which we have compared 
them. This is a proof that these animals did 
not inhabit the northern regions from any ne- 
cessity, since they acquired, in that situation, 
their full growth and complete dimensions. Of 
this fact we may be ascertained by the descrip- 
tions and dimensions of them given by M. 
Daubenton under the article Ele/diant. Rut, 
since that time, I have had transmitted to me an 
entire tusk and some fragments of fossil ivory, 
the length and breadth of which greatly exceed 
the tusks of the common elephant. 1 searched 
all the shops of the Paris ivory-merchants; but 
1 found no tusk which could be compared to 
tiiat in my possession. But, of a great number. 

1 found only one equal to those sent from Siberia, 
whose circumference at the base is ninettx'ii 
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inches. Ivory, which is taken from living ele- 
phants; or from recent skeletons found in the 
Ibrests, is ilenominatetl ivortf; and the ap- 
pellation of roasted ivory is given to that ex- 
tracted from the earth, the quality of which is 
more or less altered, according to tiic time it has 
remained under ground, or according to the qua- 
lity of the earth in which it has been buried. Most 
tusks which conic from the north are still very 
solid, and very fine works may he made of them. 
The largest were sent to ns by M. de I’lsle, an 
astronortier, and member of the Royal .\cademy 
of Sciences. He collected them in his travels 
through Siberia. In all the shops of Paris, there 
was not a single tusk of raw ivory which niea- 
.snred nineteen inches in circumference: they 
were all smaller, 'i'his tusk was six feet and an 
inch in length ; and it appears, that those in the 
Royal Cabinet, which were found in Siberia, 
were, tvheit entire, more than six feet and a half: 
but, as their extremities were cut otf, we could 
only make a near guess at their n^al length. 

If we compare the thigh bones found in the 
same northern countries, we shall be satisfied 
that they are at least equally' long, and con- 
siderably thicker, than those of the Indi:ui ele- 
phants. 

Resides, as formerly rctnarkoil, we have nuule 
an exact comparison of the bones and tusks sent 
from Siberia with those of tlic skeleton of an 
elephant, and we funn<l that all these bones are 
evidently the relics of these animals. The Si- 
berian tusks have not only' the figure, but the 
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genuine structure of elephant ivory, wiiich 
Daubenton describes in the following terms : 

** When an elephant’s tusk is cut transversely, 
we see, at or near the centre, a black point, 
called the heart. But, if the tusk is cut where 
it is hollow, there is only a round hole in the 
centre. We perceive crooked lines, which ex- 
tend in ditlerent directions Crom the centre to the 
circumference, and, by crossing, form small lo- 
zenges. At the circtinifcrence, there is com- 
monly a narrow circular bund. The crooked 
lines ramify in proportion as they recede from 
the centre. Hence the size of the lozenges is 
nearly the same throughout. Their sides, or at 
least their angles, are of a more lively colour 
then the areas, doubtless because their substance 
is more compact. The baud at the circumfer- 
ence is composed of straight and transverse 
fibres, which, if prolonged, would terminate in 
the centre. It is tlie appearance of these lines 
and points which is considered as the grain of 
the ivory. This grain is perceptible in all 
ivories^ but it is more or less distinct in dif- 
ferent tusks ; and, when the grain is sufficiently 
apparent, the ivory gets the name of targe 
graiaedy to distinguish it from that whose grain 
is fine.” 

, . It cannot be supposed that clo])haiits could bo 
transported into Siberia by men; for the state of 
, captivity alone, indepeudunt of the rigour of the 
climate, would have rcduceil them to a foiirtli or 
a third of the dimensions which their remains ex- 
hibit. Of this effect we have sufficient proof 
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irojrn the comparison we have made between an 
entire skeleton of an elephant in the lloj'al Cabi* 
net, which had livetl sixteen years at Versailles, 
with tlie tusks of other elephants brought from 
their native country. This skeleton, and those 
tusks, though of considerable size, arc one half 
smaller than the tusks and skeletons of those 
which live in freedom in Asia or in Africa; and, 
at the same lime, they are at least two thirds 
smaller than the buncs of the same animals found 
in Siberia. 

3 . The great quantities of ivory alreaily dis- 
covered by accident in countries nearly desert, 
and where no man searches for it, show that it is 
neither by one nor by several accidents, nor at 
one and the same time, that some individuals of 
this species have found their way into the 
northern regions, but that the species had for- 
merly existed and multiplied there, in the same 
'manner as they now exist and multiply in soutli- 
ern latitudes. 

The only question, therefore, which remuins to 
be solved, is, Wlietlier tlu-rc is or has been a cause 
that could so change the teniperuturc of the dif- 
ferent parts of the globe as to render the northern 
regions, which are now extremely cold, equally 
warm as the soiitiiern climates? 

S«.»me philosophers may imagine that thisclfect 
iias been producetl by' the change in the obli- 
quity of the ecliptic ; •because, at first sight, tliis 
( hangc seems to indicate, that, as theineliiiation 
of the axis of the globe is not permanent, the 
tai tli might formerly revolve round an axissodif- 
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ferent from that on which it now turns, as, to make 
Siberia then lie immediately under the equator. 
Astronomers have observed, that the change in 
the obliquity of the ecliptic is about forty>Ave se« 
Goods in a century. Hence, by supposing this 
augmentation to be constant and successive, sixty 
centuries would produce a distance of forty-five 
minutes, and 3,600 centuries v\'ould produce a 
change of forty -five degrees. Such an alteration 
would bring back the sixtieth degree of latitmlc to 
the fifteenth, i.e. the country of Siberia, where the 
elephants formerly existed, to the regi<»i»s of In- 
dia, where they still exist and multiply. Now, it 
may lie said, we have only to admit this long 
lapse of time in order to account for the regular 
abode of elephants in Siberia ; it is 3G0,0()0 years 
ago since the earth revolved round an axis forjy- 
five degrees distant from that upon which it turns 
at present : the fifteenth degree of latitude was 
then the sixtieth, &c. 

I answer, that this idea, and the mode of ex- 
plication which results from it, cannot, upon ex- 
amination, be supported. 'I'he change in the ob- 
liquity of the ecliptic is not a constant and suc- 
cessive diminution and augnn'utation. On the 
contrary, it is a limited variation, and .sometimes 
on one si«lc and sometimes on the other; and, 
•consequently, can never produce, on any side, or 
in any climate, this difference of forty -five degrees 
of inclination ; for the variation in the obliipiity 
of the earth’s axis is occasioned by the action 
of the planets, which alter the situation of the 
ecliptic, without affecting the equator. To take 
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tiie strongest of these attractions, which is that 
of Venus, it would require 126,000 years to 
make a cliange of 180 degrees in the ecliptic of 
that planet, and, of course, to produce an altera- 
tion of six degrees forty-seven minutes in the real 
obliquity of the earth’s axis ; since six degrees 
forty-seven minutes are the double of the incli- 
nation of the orbit of Venus. In the same man- 
ner, the action of Jupiter cannot, in 93,600 
years, change the obliquity of the ecliptic above 
two degrees thirty-eight minutes; and still this 
eftect is in part compensated by the preceding. 
Hence it is impossible that this change in tlie ob- 
liquity of the earth’s axis should ever amount to 
six degrees, unless we suppose, that the orbits of 
all the planets should likewise change ; a suppo- 
sition which we cannot or ought not to admit, 
since no cause exists which could produce this 
eflect. 

But I am enabled to solve this diflicult matter, 
and to deduce it from an immediate cause. We 
have already seen, that the terrestrial globe, 
when it iirst assumed its form, was in a state of 
fluidity, and that the water being unable to dis- 
solve terrestrial bodies, this fluidity was a lique- 
faction occasioned by fire. Now, to pass from 
this burning and liquefled state to a mild and 
temperate heat, time was necessaty. The globe 
could not at once cool to its present temperature. 
J'hus, during the first •ages after its formation, the 
heat propi-r to the earth was infinitely greater 
than that which it received from the sun ; since 
It is still much greater. This immense fire being 
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aftervvarfls gradually.dissipated, the polar, like all 
other climates, underwent successive changes 
from heat to cold. Of course, a certain time, or 
rather a long tract of time, existed, during which 
•the northern regions, after having’ Jbunit like all 
others, enjoyed the same heat which at present is 
felt in the southern climates. Ilencc these north- 
ern countries might, and actually have been inha- 
bited by antntal.s now peculiar to the toutii, and 
to whom tills tlegree of heat is indispensable. 
Tlie fact, therefore, instead of being extraor- 
dinary, perfectly acconis with the other facts, 
and is no more than a eonsoquenco of them. In- 
stead of opposing iny theo.-y of the earth, this 
fact, on the contrary, is an accessory proof of its' 
reality, and confirms the most obscure jioiiit I 
have advanced j i. e. when we attempt to look 
back into that profundity of time, when the light 
of genius is apt to extinguish itself, and when, for 
want of observations, genius has no aid to lead us 
to a more remote period. 

A sixth epoch, posterior to the other five, is 
that when the two continents were separated 
from each otiicr. It is certain, that they were 
not separated when tlie elephants lived c({ually 
in the north of Europe, Asia, and America ; I 
say, equally ; for we find their bonc.s in Siberia, 
i'll Russia, and. in Cana<la. Ilcnce the seiiara- 
ti6n of the two continents happened posterior to 
the abode of these animals' in the northern re- 
gions. But, a.s we likewise find the tusks of the 
elephant in Poland, in (.irermany, in Prance, and 
in Italy, we must conclude-, that, in proportion 
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as these northern regions cooled, the elephants 
retired toward the temperate zone, where the heat 
of the sun, and the greater thickness of the 
globe, compensated the loss of the earth’s inter- 
nal heat ; and that, in the progress of time, the 
temperate zone having also become too cold, the 
elephant gradually migrated to the climates un> 
der the torrid zone, which alone have longest pre- 
served, by the greater thickness of the globe, a 
superior degree of internal heat. These are like- 
w'ise the only climates where tliis interior heat, 
united witli that of the sun, is still sn/ficient to 
support tlieir existence, and to permit them to 
2 >ropagatc their species. 

Independent of the .S 2 )ecimcns transmitted 
from Russia and Siberia, and which are preserved 
in the Royal Cabinet, there are many others 
in private collections. Vast numbers of them 
are to be seen in the Musteum of Petersburgh, 
as appears from a catalogue printed in the year 
1742. There arc likewise many of tliem in the 
Rritisli Alusmimi, in that of Copenhagen, and 
in sonic other collections in Britain, Germany, 
and Italy. This northern ivory, like the south- 
ern, is used in manufacturing many articles of 
hardware, &c. Hence the great quantity of 
the tusks and bones of cleiihants found in Sibe- 
ria and Russia can no longer remain a doubtful 
jioint. 

\f. P.dlas, a learned naturalist, in his late 
Journey through Siberia, found a great quantity 
of elephants’ bones, and an entire skeleton of a 
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rhinoceros, M'hich was buried a few feet only 
under the surface of the ground. 

“ Enormous bones of the elephant Were 
lately discoverc<l at Swijatoki, seventeen versts 
from Petersburgh : they were found in a spot 
which had long been covered with water. 
Hence some prodigious revolution must have 
changed the climate, the pipductions, and the 
animals, in every quarter of the globe. TJiese 
medals of Nature prove, that those countries 
wbicVi are now desolated by the rigours of 
intense cold, have formerly enjoyed all the ad- 
vantages of the southern latitudes 

The discovery of the tusks and skeletons of 
elephants in Canada is but recent j and I was 
first informed of them by a letter from the late 
"Mr. Collinson, fellow of the Royal Society of 
London, of which the following is a transla- 
tion : 

“ Mr. George Crogban has assured me, that, 
in the course of his tnivels through the coun- 
tries bordering upon the river Ohio, in the 
years 1765 and 1766, about four miles south- 
east from this river, and 640 miles distant 
from Fort dii Quesne or Pitsburgli, he saw in 
the nciglihoirriiood of a large salt marsh, wliere 
the wild aniniuls assemble at certain seasons of 
the year, immense bones and teeth. Fluving 
eareftilly examined the place, lie discovered. 


* Joimial (Iff Ptilitiqnc* <*1 dc Lilffrature, 5 Jaii. 1770, tirt. 
lVter>biiryh 
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in a high bank on the side of the marsh, a 
prodigious number of bones, which, from their 
figure and magnitude, appeared to be the bones 
and tusks of elephants. 

** But, sir, tlie large grinding teeth which I 
send you, were found along with tliese tusks. 
I'licre are others still larger than these, which 
seem to indicate, and even to demonstrate, 
that they belong not to elephants. How shall 
we reconcile this paradox ? May we not sup- 
pose that there formerly existed a large animal, 
which had the tusks of an elephant and the 
grinders of the hippopotamus? for these large 
grinders are very different from those of the 
elephant. From the great number of tusks and 
grinders which he saw, Mr. Croghan thinks, 
that tliere must have been at least thirty of 
these animals buried iu this place. Elephants, 
however, were never known in America; and 
it is improbable tliat they could be brought 
there from Asia. The impossibility of their 
living iu countries where the w'inters are so 
rigorous, but where great qu-antities of their 
bones are found, makes a paratl«>x, which your 
great sagacity may perha)>s explain. 

“ Mr. Croghan, in the month of February, 
i7t)7, sent to ditl'ercnt persons in Loudon the 
hones and teeth he had collected iu the years 
176.5 and 1766. 

“ 1 . To my lord^ Shelburn, two large tusks, 
one of which was entire, and near seven feet long: 
its thickness exceeded not that of a common tusk 
of an elephant of an equal length. 
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** 2. A jaw bone with two grinders in it, be- 
side several enormous separate grinders. 

** To Dr. Franklin, 1. Three tusks, one 
of which was about six feet long. It had been 
broke through the middle, which was cor- 
rupted, and resembled chalk. The others 
were sound. The end of one of them was 
sharpened to a point, and it consisted of very 
fine ivory. 

“ 2. A small tusk, about three feet long, and 
as thick as a man's arm, w'ith the depressions 
made by the muscles and tendons, which were 
of a bright chesnut colour, and appeared to be 
as fresh as if recently taken from the head of 
the animal. 

“ 3 . Four grinders, one of the largest of 
which was broader than those I sent you, and 
had likewise an additional row of knobs. All 
those presented to my lord Slielburn and Dr. 
Franklin were of the same form, and had the 
sai. enamel, as the specimens 1 now transmit 
for your examination. 

Dr. Franklin lately dined with an officer, 
who had brought from the same place, in the 
neighbourhood of the river Ohio, a tusk which 
was whiter, more lustrous, and more entire than 
any of .the others ; and likewise a grinder still 
Iwger than any of those 1 have mentioned 

I 

* Letter from Mr. Collinson to JVL <le Buflbn, dated Mill 
Hill, near London, July 3, 1767. 
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Extract from a Journal of a Voyage made by 
Mr. Croghan on the River Ohio, and tratis- 
mitted to Dr. Franklin in the Month of May, 

1765. 

** Having passed the great river Miame, we 
arrived, in the evening, at tiie place where the 
bones of elephants •arc found. It is about 640 
miles from Fort Pitt. In the morning, I went 
to the large marsh where the wild animals 
assemble at certain times of the year. We 
came to this place by a roa<l beaten with the 
feet of the wild oxen, or bisons. It is about 
four miles south-east from the river Ohio. 
We saw a great number of bones, some of 
thorn scattered about, and others buried five or 
si.x feet below tlie surface. We saw them in a 
bank of earth along the siile of the roail. Wo 
found two tusks of six feet in length, which 
we carried to our hut, along with other bones 
and teeth, 'riic following year we returned 
to the same place in order to procure a greater 
number of tusks and teeth. 

If M. de Bufibn had any queries to m.ike 
upon this subject, I entreateil him,” says Mr. 
Colliuson, to transmit them tome; I shall send 
them to Mr. Croghan, a mau of integrity and 
parts, who will be happy to answer every 
question.” This little memoir was subjoined to 
the letter which I liave just now quoted, and 
to which 1 shall add an extract of what Mr. Col- 
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linson formerly wrote me concerning these AmC' 
rican bones: 

** About a mile and a half from the river Ohio^ 
there are six enormous skeletons buried on end« 
with tusks from five to six feet long, and of the 
same form and substance as elephants’ tusks. 
They were thirty inches in circumference at the 
root. They tapered to a point. But, as they 
were broken, we could not* perceive how they 
were joined to the jaws. A thigh bone of the 
same animal was found entire. It w'cighed a 
hundred pounds, and was four and a half feet 
in length. The tusks and thigh bones show that 
the animal must have been of a prodigious mag- 
nitude. These facts have been confirmed by Mr. 
Greenwood, who saw the six skeletons in the salt 
marsh. In the same place, he likewise found 
large grinders, which appeared not to belong to 
the elephant, but rather to the hippopotamus. 
Some of these teeth he sent to London, among 
others, two of which together weighed pounds. 
He says, that the jaw bone was too heavy to be 
carried by two men. The interval between the 
orbits of the eyes was eighteen inches. An 
Englishman, who had been taken prisoner by 
the savages, and conducted to this salt marsh in 
order to teach them how to make salt by evapo- 
raiting the water, declared, that, from a peculiar 
circumstance, he remembered to have seen these 
enormous bones. He told, that three French- 
men, who were breaking nuts, sat upon a single 
thigh bone.” 
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than thick; so that these enormous grinders 
have no rejiemblance to the teeth of , any known 
animal.'* 

This last remark of Mr. Collinson hf extremely 
just: these large grinders are totally different 
from those of the elephant; aQd> by comparing 
them with the grinders of the hippopotamus, 
which they resemble by their square figure, we 
shall perceive that they likewise differ in size, as 
tliey are two, three, and even four times more 
voluminous than the largest teeth of the ancient 
hippopotami found; in Siberia and Canada, 
though these last teeth are three or four times 
larger than those of the hippopotami which noqr 
exist. All the teeth which I have .ex<|inined in 
four heads of diese animals in the 

Royal Cabinet, have ^e grinding i^^boliowed 
in the form of a card spade, and found in 
Canada and Siberia have the same ctoracter, and 
differ from them in size only. Bat diose cnor* 
mous teeth with laige blunt knobs have always 
four and sometimes five rows; whilst the largest 
teeth of the hippopotamus have only three, 
as may be seen by comparing the figures of 
plate iii. iv. and v. with those of plate vi. It 
seems, therefore, to be certain, that these large 
teeth have never belonged either to the elephant 
or to the hippopotemus: the difference in size, 
though enormous, would i^t prevent us from 
regarding them as pertwning to f^is last spe-. 
cies, if all the characters in thmr were the 
same; since we know, as formerly remarked. 
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other square teeth three or fout* l^jiW|9HD^er 
than those of the present eieistipif 
and which, having precisely tift 
are unquestionably theJg^|fi|^iP^i|)po|||taiiikt 
that have been thref^HHPnflll^' wan those 
whose heads are in t^e^ffival Cabinet. I mean 
those large teeth, wWc^j^lly belong to the 
hippopotamus, when^ I ratnarked, that they 
were equally found in both. ^iKIPtinents, «s 
as the tusks of the elep^W. M is ref&'arkabte* 
however, that we not <»^^fiad^pi^‘'ifosks 
elephant, and real l«gO hlpfK^po- 

tamiis, in Siberia and Canada, but we likewise 
find in the same countries those enormous teeth 
with four rows of large blunt knobs. We may, 
therefore, conclude, t^uit this immense animal 
no longer exists, and ^t tjie species is entirely 
extinct. , 

M. le Compte de Vergenn^^i^ister and se> 
cretaiy of s t||||j< %a8 so cil^pg give me, 
in the year these teeth, 

which is represented in plates iii. and iv.j it 
weighed eleven pounds four ounces. This im* 
mense tooth was discovered in making a ditch in 
Little Tartary. There were other bones which 

moi|{4he», a thigh 
lily the 

pints 


could not be 
.bone, of whi( 
cavity ^ 
ofwi 
of Scieni 
tooth bill 
pounds twi 


of the Academy 
m*e fh>m Siberia a similar 
and which weighed only three 
luces and a half. (Plate v. 
R S 
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fig. 1 and 2.) Lastly, the largest of those transmit- 
fed to me by Mr. Colliuson, and which is repre- 
sented, plate vi., was found, among several 
others, near the river Ohio in America; and 
tliey perfectly resemble other specimens brought 
from Canada. 

From all these facts it is apparent, that, in- 
dependent of the elephant and hippopotamus, 
whose relics arc equally found in the two con- 
tinents, another animal, common to both, has for- 
merly existed, the size of which has greatly 
exceeded that of the largest elephants; for the 
s(|uarc form of these enormous grinders shows, 
that they were numerous in each jaw; and, sup- 
posing there were only six or even four in each 
side of the jaws, we may form some notion of 
the magnitude of a head which could contain 
sixteen grinders, each weighing ten or eleven 
pounds. The elephant has only four grjnders, 
two on each side. They are flat, and occupy 
the whole jaw; and these two flat grinders of 
the elephant surpass by two inches only the 
breadth of the largest square tooth of the un- 
known animal, which is double the thickness 
of those of the elephant. Thus every circum- 
stance leads us to think, that this ancient species, 
which ought to be regarded as the largest of all 
terrestrial animals, existed during the first ages 
only; for an animal much larger than the ele- 
pliant could not be so Concealed in any port 
of the earth as to remain perfe^Iy unknown. 
Hcsijlcs, it is evident, from the figure of these 
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teeth, as well as from the enamel, and the dis- 
position of their roots, that they have no relation 
to the teeth of the cetaceous tribes; and that they 
have really belonged to a land animal, whose spe- 
cies made a nearer approach to tliat of the hip- 
popotamus than to any other. 

In the course of his essay, Mr. Collinson in- 
forms us, that several members of the Iloval 
Society were equally well acquainted with the 
elephants’ tusks daily found in Siberia, upon the 
banks of the Oby, and other rivers of that coun- 
try. What system, he adds, can be formed, 
which will, with any degree of probability, ac- 
count for those bones of the elephant found in 
Siberia and in America? He concludes with 
enumerating the weight and dimensions of all 
the teeth brought from the salt marsh near the 
river Ohio, the largest of which belonged to 
Capt&in Ourry, and weighed six pounds and a 
half. 

Mr. Collinson, in his second essay, read before 
the Royal Society of I^ndon, Decern biT 10, 
remarks, that, as one of the tusks found in 
the salt marsh was striated or furrowed near the 
thickest end, he entertained some doubts whether 
these furrows were peculiar to the elephant species. 
To satisfy himself on this head, he visited the 
warehouse of a merchant who dealt in all kinds 
of teeth; and, after examining them, he disco- 
vered that there were as many tusks furrowed 
as smooth at the thick cud ; and, of course, lu- 
had no difficulty in pronouncing, that the tusks 



found fin America were, in eveiy mspccUswi- 
lar to those of the African and Asia^w^lplts. 
Bat, » the large American j^^jlllPhlulItj^ve 
no relition to the grinders he 

think^ that they are the r^ainrs of some enor- 
mous ifiaimal which had tusks like an elephmit, 
and ^nders peculiar to t|i own species, 
magi^ude and form being totall, 
those pf any known animal*. 

ln |the year 1748, M. Fabri 
great excursions into foe norfoom gMgi 
sianajoud the southern regions of 
formi 

tons jif an encHnoous quadruped, called by the 
savag^ the fatho^ (jf exens that the thigh 
bon^ of these aoimalf *Gitf!h 
feet in length. Some iii|ii'afi^\|f&i^|kus 
to the year 1767* i|tecim^ of these ia apb th, 
beloi ging fo foe onkoowa animal* as 

those of the hippopotamus, and bonai^ the 
elepl ant, all found in America, weretrautaniited 
to P4ris. The nufober of them is too considerable 
to leave any doubt that tli^ animals foirmerly 
exist^ in foe mibfoem WTO ^^^AgaHic a, as 
qrelljas in those 

!^t elephants have likel;jw,a|HM^^|ft the 
tem||«rate countries of W 
tionjfd tusks fecund in ImignMHM||B 
andjfoose disedfend in Cominges w|H w>ny. 
To these I shalt^idu foe largest and.WMirtiif the 
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whole* lately sent to the Royal CaSinet by the 
doc de la Rochefoucauld, whose zeal for pro- 
motingf science is a result of his general know> 
ledge. This excellent specimen he found* along 
%vith M. Desmaret^ of the Academy of Science^ 
when viewing the fields in the environs of Rome. 
This tusk was divided into five fragments* which 
the due de la Rocbe$>ncaotd ordered to be col> 
lected. One of these fragments was stolen by 
the porter who had the charge of it* and there 
remained only four* which w^ about eight 
inches in diameter. When laid together* these 
four fragments were seven feet in. length; and 
we learn, fixnn M. Desmarets* that the fifth frag- 
ment, . which was lost* was near three feet long. 
Hence the total length of the tusk m.nst have 
been about ten feet. By examining the broken 
end^ wediscovered every character of elephantine 
ivory; though* by being long buried underground* 
it has become light and friable, like all other 
fossil ivories.. 

M. Xozzettiy a learned Italian naturalist* re- 
lates*. ** that there were found*, in the valleys of 
Amo* the bones of elephants andother terrestrial 
animals* in, great quantities* scattered here apd 
there in the stritta of the earth. We may* there- 
forev” he remarks* ** conclude* that elephants were 
formerly natives of Europe, and especidlly of 
Tuscany 

We found,.” says M. Caliellini*. ** about the 


* Kxtrait d’une Lettreda Dr. Tozaetti; 'Jw>roal .Stranger, 

nois de Dccembre* 1755. 
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end of November, 17d9, in a country estate<'l^' 
longing to tlie marquis de .Petrella, situated at 
Fusigliano, in the terntory of Cortona, a frag* 
ment of an elephant’s bone mostly encrusted with 

a stony matter. Similar fossil bones l\ave 

formerly been discovered in onr environs. 

“ In the cabinet of M. Galeotto Corazisi, 
there is another large portjon of a petriiied ele- 
phant’s tusk, which was lately found in the neigh- 
bourhood of Cortona, at a place called La 
Selva Having compared these frag- 

ments with a piece of an elephant’s tusk lately 
brought from Asia, wc found that the resemblance 
between them was perfect. 

** In the month of April last, M. 1’ Abbe Mea- 
rini brought me an entire jaw bone of an ele- 
phant, which he' had found in the district of 
Farneta, a village belonging to this diocese. 
This jaw bone is mostly petrified, and particu- 
larly on the two sides, where the stony incrusta- 
tion rises an inch above the surface, and has all 
the hardness of a stone. 

“ Lastly, I am indebted to M. Muzio Ange- 
lieri Alticozzi, a gentleman of this town, for a 
‘ thigh bone of an elephant, which is almost en- 
tire. He discovered it in one of liis countrv es- 
tates called Rota, which is situated in 4he terri- 
tory of Cortona. ‘.This bone is a Florence fathom 
long, and is likewise petrified, particularly in the 
upper extremity, called tlie head 

* Lettre de M. Louis Colteliini de Corionc ; Jourivat 
Ktranger, mois de Juillet, 1761. 
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>;v,.ln the same maimer, we find iu*France, and 
in all tlic other nations of Europe, skeletons ami 
vertebrae of marine animals, whicii can only 
subsist in the most southern seas. The same 
change of temperature, therefore, has happened 
in the various parts of the ocean as well as in 
those of the land : and this second fact, like the 
first, as it proceeds from the same cause, confirms 
the whole. 

Wiien wc compare those ancient monuments 
of the first age of animated Nature with her ac- 
tual productions, we evidently perceive that the 
constituent form of each animal has remained the 
same, and that there is no alteration in the prin- 
cipal parts of their structure. The type of each 
species has sufiered no change. The . internal 
mould has invariably preserved its form. 'How- 
ever long we may suppose the succession of time, 
whatever number of generations may have 
passed, the individuals of each kind still exhibit 
the same forms as those of the first ages, espe- 
cially in the larger species, whose characters are 
more fixed, and whose nature is more permanent; 
for the inferior species have, as formerly re- 
marked, been sensibly affected by the different 
causes of degeneration. We must, however, re- 
mark, with regard to the larger species, such us 
the elephant and hippopotamus, that, by compar- 
ing their ancient remains with those of our 
times, wc, in general, perceive that these ani- 
mals were then -much larger than they are at 
present. Nature was then in her -]>rimitive vi- 
gour. The internal heat of the eartii 'bestowed 
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on its prodactions all the vigour and naagnitud^ 
of vThicb they were susceptible. The first ages 
produced giants of every kind. Dwarfs and pig- 
mies succeeded, after the earth had cooled ; and 
if, as other monuments seem to indicate, some 
species of animals, which formerly existed, are 
now lost, this efiect could only be produced, be- 
cause their nature required, a greater degree of 
heat than what is now felt in the torrid none. 
Those enormous and nearly square grinders with 
blunt knobs, those large cornua ammonis, of 
which some are several feet in diameter, and 
many other fossil fishes and shells, which no. 
longer have any living representatives, existed- 
only in those primitive times when the earth and 
sea were still warm, and produced and nourished, 
animals to whom this degree of heat was neces- 
' sary, and who exist not at present, because they 
have probably perished by cold. 

To know all the petrifactions of which tliere 
are no living representatives, would require long 
study and an exact comparison of the various, 
species of petrified bodies, which have been 
found in the bowels of the earth. This science is 
still in its infancy. We are certain, however, 

, that there are many of those species, such as the 
cornua ammonis, ortoceratites, lenticular and nu- 
mismal stones, belemnites, Judaic stones, anthror 
pomorphites, &c., which cannot be referred to. 
any species now existing. We have seen cornua 
ammonis of two and three feet in diameter; and 
we have been assured, by men worthy of credit, 
that a cornua ammonis has been found in Cham- 
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pBgne larger than a milestone, aioce it jvas eight 
feet in diameter and one fbot thick. . I had an 
of its being sent to me. • But the enormous 
weight of this mass, which is 8,000 pounds, and 
its great distance from Paris, prevented me from 
accepting the present. These examples, and 
others which might be given, are sufficient to 
show, that many sp^ies of shell and crustaceous 
animals formerly existed in the sea, of which 
there are now no living representatives. The 
same observation . is applicable to some of the 
scaly fishes. Most of those found in certain 
slates have so little resemblance to the fishes with 
which we are acquainted, that their species 
cannot be ascertained. Even those in the Royal 
Cabinet, which are perfectly preserved in masses 
of stone, cannot be referred to any of our 
known species. It appears, .therefore, that the 
sea formerly nourished many genera, tvhose 
species no longer exist. 

But, with regard to terrestrial animals, we 
have only a single example of a lost species, 
and it appears to have been the largest, without 
excepting even the elephant: and, since the 
examples of lost species are more rare in land 
than in marine animals, is it not probable that 
the production of the former v^as posterior to 
that of the latter ? 

From these facts and monuments we may 
perceive six successive epochs in the first ages of 
Nature ; six species of duration, tlie limits of 
which, though indeterminate, are not the less 
real; for these epochs are not like those of 
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civil history, marked by iix^ points, or limited 
by centuries and other portions of time, which 
admit of an exact measurement. They may, 
however, be compared between themselves, and 
their relative duration may be estimated by other 
facts and monuments, which indicate contempo- 
rary dates. 

« « 

After finishing his preliminary discourse, the 
count de Buffon proceeds to state the dilTercnt 
epochs of Nature, which he divides into seven 
great periods. 


EPOCH FIRST. 

When the earth and planets first assumed 
their proper form. 

EPOCH SECOND. 

When the fluid matter consolidated and 
formed the interior rock of the globe, as well 
.as those great vitrifiable masses which appear 
on its surface. 


EPOCH THIRD. 


When the waters covered alt the continents. 
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EPOCH FOURTH. 

When the waters retired, and volcanos be- 
gan to act. 

EPOCH FIFTH. 

When the elephants, and other animals of 
the south, inhabited the northern regions. 

EPOCH SIXTH. 

Wlien the continents were separated from 
each other. 


EPOCH SEVENTH, and last. 

When the power of man assisted the operation^ 
of nature. 


These epochs arc purely hypothetical, and 
depend more or less on tho notion, that the 
earth and planets were originally dnveu from 
the body of the sun by the impulse of a comet, 
and, of course, remained long in a . state of li- 
<iuid fire. We. shall therefore content ourselves 
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with having barely mentioned them^ and pro> 
ceed to enumerate some fects and positions, 
which, though applied in support of a fanciful 
system, are curious, and may be useful. 

The count de Butfon remarks, that the cavi- 
ties and eminences of the globe have been en- 
crusted, and sometimes filled with metallic sub- 
stances, which are still found in these situations. 

“ Metallic veins,” says M. Eller, ** are found 
only in elevated places, in a long chain of moun- 
tains. This chain of mountains is always sup- 
ported by a basis of hard rock. As long as this 
rock preserves its continuity, there is no chance 
of discovering metallic veins. But, when we 
meet with crevices or fissures, we then entertain 
hopes of finding metal. Mineralogists have re- 
marked, that, in Germany, the most favourable 
situation is when the mountains rise gradually, 
stretch toward the south-east, and, after attain- 
ing their greatest elevation, descend gently to- 
ward the north-west. , . 

** It is generally in a rugged rock, the extent 
of which is often unlimited, but split into fis- 
sures, that metals are found sometimes pure, but 
generally in the state of ores. These fissures are 
commonly encrusted with a white shining sub- 
stance, called quartz by the miners : when heavier, 
but soft and laminat^, nearly like chalk, it re- 
ceives the denomination of spar. It is sur- 
rounded, on the side next the rock, with a kind 
of slime, which seems to nourish these quartzy or 
sparry earths. These two coverings serve as a 
sheath for the vein. The more perpendicular 
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the vein, the more is to be expected from it. 
Whenever the miners find a perpendicular vein, 
they say that it will be very productive. 

** In these fissures and cavities, metah are 
formed by a perpetual and pretty strong evapo> 
ration. The vapours which issue from mines 
show that this evaporation is still going on. 
Fissures which have no exhalation are com- 
monly barren of metal. The most certain proof 
that the exhaling vapours carry along with them 
mineral particles, and apply them to the sides 
of the fissures, is that successive encrustation, 
which is apparent in the whole circumference of 
these fissures or hollows of rocks, till their cavi- 
ties are completely filled, and the solid vein is 
formed. This fact is still farther confirmed by 
the tools left in these hollows; and, several 
years after, they are found to l)e encrusted with 
metal. 

** The fissures which furnish the richest veins 
of metal always incline to a. perpendicular di- 
rection. In proportion as tlie miners descend,, 
the temperature of the air is always warmer; 
and the exhalations are sometimes so abundant 
and so noxious, that, in order to avoid suffoca- 
tion, the miners are obliged to fly to the pits or 
galleries, otherwise they would- be instantly de- 
stroyed by the arsenical and sulphureous par- 
ticles. Sulphur and arsenic are commonly found 
in the four imperfect, and in all the semimetids, 
and it is from these they receive their metallic 
ibrm. 

Gold, and sometimes silver and copper, are 
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the only metals which are found pure in any 
quantities. But, in general, copper, iron, lead, 
and tin, when taken out of the veins, are mine- 
ralized with sulphur and arsenic. We know, 
from experience, that metals lose their metallic 
form by degrees of heat proportioned to each 
species. Tliis destruction of the metallic form, 
which tlie four imperfect metals undergo, shows 
that the basis of metals is an 'earthy matter ; and, 
as these calces, as well as the calcarious and 
gypseous earths, vitrify by the application of a 
certain degree of heat, we are certain that me- 
tallic earth belongs to the class of vitrifiable 
earths 

M. Lehman, a celebrated chemist, is the first 
person who suspected that metallic substances 
had a double origin. " Gold and silver,” he re- 
marks, “ are found in masses only in the mountains 
which have veins, and iron is found only in those 
mountains which have regular strata. All the 
small pieces of gold and silver found in the moun- 
tains w^ith strata have been detached from veins 
in the superior mountains in the neighbourhood 
of the former. 

“ Gold is never in the form of ore. It is al- 
ways found ill a native or virgin state, though it 
is often scattered about in particles so minute, 
that it cannot be distinguished even by the best 
' microscopes. In* the mountains with strata, no 
gold, and very little silver, are to be found. I’hese 

* Mem. de M; Eller sur I’Origine et la Generation dci Me- 
taiix.' 
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two metals' belong exclusively to mountains with 
veins. Sometimes, however, we find silver in 
small leaves, or under the form of hair, in slate. 
Native copper ofCener occurs in slate ; and this 
copper is also commonly in the form of threads 
or hair. 

“ A few years after iron ores have been taken 
from the earth, they are reproduced. They are 
not found in the mountains with veins, hut in 
those with strata. Iron is seldom, if ever, met 
with in a native state. 

With regard to native tin, it has no existence 
in nature, and is only produced by the assistance 
of fire. The same remark is applicable to lead, 
though the grains found in Silesia have been con- 
sidered as native lead. 

Native mercury is found in strata of fat ar- 
gillaceous earth, or in slate. 

“ The silver ores found in slate are not nearly 
so rich as those found in the mountains with 
veins. This metal is found in beds of slate; and 
is always in the form of minute particles, 
threads, or ramifications, but never appears in 
large masses. These beds of slate must likewise 
be adjacent to the mountains with veins. The 
silver ores found in strata are never in a solid 
or compact form. All the other ores, which 
contain much silver, are peculiar to the moun- 
tains with veins. There is a great deal of silver 
in the strata of slate ; ‘and it is also sometimes 
found in pit-coal. 

** Tin is the metal which most rardy appears 
in strata ; lead is moi'e common in that situa- 

VOL. II. fs 
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tioD. We find it attached to slate, but never to 
coal. 

Iron is almost universally diffused, and is 
found in beds under a number of -different forms* 

Cinnabar, cobalt, bismuth, and lapis cala> 
minaris, are likewise commonly found in beds. 

Pit-coal, jet, amber, and aluminous earth, 
are produced by vegetables, and especially by 
resinous trees which bavb been buried in the 
earth, and have been more or less decomposed ; 
for we often find, above the strata of coal, wood 
which is not totally decomposed ; and it is still 
more decomposed as we descend deeper. Slate, 
which covers coal, is often full of the impressions 
of plants, such as ferns, maiden-hair, &c. It is 
remarkable, that all these impressions belong to 
foreign plants, and the wood likewise appears to 
be foreign. Amber, which ought to be regarded 
•as a vegetable resin, often includes insects, which, 
when attentively examined, belong not to the 
climate where they how exist. Aluminous earth 
is frequently laminated, and resembles wood 
sometimes more and sometimes less decomposed. 

“ Sulphur, alum, and sal ammoniac, are found 
in beds formed by volcanos. 

** Petroleum and naphtha indicate a subterra- 
neous fire, which produces a distillation from 
pit-coal. We have examples of these subterra- 
- neons fires which act silently, in the coal strata 
-of Britain and Germany. • They burn long with-* 
out any explosion ; and it is in the neighbour- 
hood of these subterraneous fires that hot springs 
are found. 
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The mountains which contain reins, include 
Ueither coal nor- bituminous and combustible 
bodies : these substances are found only in the 
mountains with strata.*’ 

In the second epoch of Nature* the count de 
Buffon remarks, “ that, in the northern regions 
there are' mountains composed entirely of iron.” 
I mention, says he, by way of example, the iron 
mines near Taberg in Smoland, a part of the 
island of Gothland in Sweden. It is the most 
remarkable of those mines, or rather mountains 
of iron, which have the quality of yielding to the 
attraction of the loadstone ; which proves that 
they have been formed by the action of fire. 
The basis of this mountain is a very fine sand. 
Its height is more than 400 feet, and its circumfe* 
rence about one league. It is composed entirely 
of a rich ferruginous matter, and we even find in it 
native iron, which is another proof that it has 
undergone the action of a violent fire. This 
ore, when broken, exhibits small shining par- 
ticles, which sometimes cross each other, and 
sometimes are arranged like scales. This mine 
has been wrought above 300 years. 

The ore in this mountain is not disposed in 
regular beds j neither is the iron every where of 
equal goodness. Through the whole momitain 
there are fissures sometimes perpendicular and 
sometimes horijKontal: these afe all filled with 
sand, which contains no iron. This sand is 
pure, and of the same species with that on the 
sea-coast. In this sand, we sometimes find the 
bones of animals, and the horns of stags, which 
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shows that the sand has been carried thither by 
the waters, and that the 'formation of this iron 
mountain' by fire happened before the crevices 
and tiie perpendicular and horizontal fissures 
were filled with sand. 

The masses of ore are rolled down from the 
top of the mountain ; but, in other mines, the 
minerals must be drawn up from the bowels of 
the earth. This ore must' be broken to pieces, 
or pounded, before it is put into the furnace, 
where it is smelted by means of charcoal and cal- 
carious stones. 

This hill of iron is situated in an elevated and 
mountainous district, about eighty leagues from 
the sea : it seems to have formerly been alto- 
gether covered with sand*. 

We are next informed, that there are moun- 
tains of loadstone in some countries, and parti- 
cularly in those of the noVth. From the fore- 
going example, we have seen that the iron moun- 
tain of Taberg rises 400 feet above the level of 
the sea. M. Gmelin, in his travels through Si- 
beria, remarks, that, in the northern countries 
of Asia, alpiost all the metallic ores are found 
on the surface of the earth, whilst in other 
countries they are buried deep in the interior 
parts. This fact, if generally true, is a new 
proof that metals have been formed by the pri-. 
‘ mitive fire, and that the globe, being less thick in 


# Exlrait d’un Article de I’Ouvrage periodique qtti a poor 
litre, Sondilchc brytrage, &c. Contribution du Nord pour 
les Progrdii de hi Physique, de Sciences, et des Arts, 1756 . 
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the northern regions, metals were formed nearer 
the surface than in the southern countries. 

M. Gmelin examined the great mountain 
of loadstone among the Baschkires in Siberia. 
This mountain is divided into eight parts l)y 
valleys, of which the seventh part produces the 
best loadstone. The summit of this portio.i of 
the mountain consistaof a yellowish stone, which 
seems to partake of the nature of jasper. ,We 
there find stones that have the appearance of 
free-stone, which weigh from 3,000 to 3,000 
pounds; but they all have a magnetic virtue. 
Though covered with moss,’ they fail not, at 
more than the distance of an inch, to attract 
iron and steel. The sides exposed to the air 
have the strongest magnetic power, those covered 
with the earth being much weaker. -Those parts 
which are exposed to the injuries of the air are 
softer, and, consequently, less proper for being 
armed. A large portion pf loadstone, of the 
size above mentioned, is composed of a number 
of other portions, which act in different direc- 
tions. To work them properly, they should be 
separated in such a manner that the whole por- 
tion, which includes the virtue of each parti- 
cular magnet, should preserve its unity : by ob- 
sei*ving this rule, we would probably obtain 
magnets of an uncommon stcength. But, as. 
they are cut without, any foresight, many por- 
tions ate of no value, either because they con- 
tain little or no magnetic power, pr because, in 
a single piece,' there are two or three magnets 
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united: such portions have indeed a magnetic 
virtue; but, as it is not directed to the sa'me 
point, a magnet of this kind must be subject to 
great variations, 

The loadstone of this mountain, except what 
is exposed to the air, is exceedingly hard, spot- 
ted with black, and full of little knots or protu- 
berances, consisting of sn\all angular parts, like 
those often observable on the surface of blood- 
stone, from which it differs only in colour; but, 
instead of these angular parts, we sometimes per- 
ceive a kind of ochery earth. In general, load- 
stones with these angular parts have less power 
than the other kinds. That part of the moun- 
tain where the loadstones are found is composed 
almost entirely of a fine iron ore, wltich lies in 
small portions among the loadstones. Tlie 
whole section of the high part of the mountain 
contains a similar ore; but, in proportion as we 
descend, the metal - is more rare. Below the 
ore of loadstone, there are other ferruginous 
stones, which, if melted, would produce very 
little iron. These stones have the colour of 
metal, and are very heavy. Their interior parts 
are irregular, and have nearly the appearance of 
scorise. In their surfaces they pretty much re- 
.. semble loadstones; but they have no magnetic 
pow'cr. Between these stones there are other 
pieces of rock which appear to be composed of 
small particles of iron. The stone itself is heavy, 
but very soft. The interior parts resemble burned 
matter, and they have little or ho magnetic vir- 
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iiie. We likewise meet occasionally with a 
brown iron ore in beds of an inch thick; but it 
yields very little metal*. 

In the mountains of Poias, in Siberia, there 
are several other mines of loadstone. Ten 
leagues otf the road which leads from Catharin- 
bourg to Salikamskaia, there is a hill called Ga* 
lazinski, which is pore than twenty fathoms 
high, and is entirely composed of a loadstone 
rock. It has the brown colour and the density 
of iron. 

Twenty leagues from Salikamskaia, we find 
cubical loadstones of a brilliant greenish colour. 
When pulverised, the grains have the appear- 
ance of fire. It is worthy of remark, that load- 
stone is found only in those chains of mountains 
which stretch from south to north f* 

In the countries bordering upon Lapland, and 
on the confines of Bothnia, two leagues distant 
from Cokluanda, there is an iron ore, from which 
very fine loadstones are extracted. ** We ad- 
mired,” says Rcgpard, “ the surprising eflccts of 
this stone, when it remained in its natural situ- 
ation. It required a great deal of force to obtain 
pieces of the magnitude we wished; and the 
large hammer employed remained so fixed to 
the wedge in the stone, that the workman 
required assistance to disengage it. I tried the 


* Extrait (1*11 ist. Generate dcs Voyages, tom. xviii. p. Itl, 

&c. 

t Ibid. tom. xix. p. 472. 
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experiment myself; I took a large iron lever, 
which was so heavy that I could hardly sup- 
port it; I brought it near the wedged by which 
it was attracted and supported with an amaz- 
ing force, I held a mariner’s compass in the 
middle of the hole where the ore lay, and the 
needle revolved perpetually vi'ith an incredible 
rapidity*. 

In vol. i. p, 30, I remarked, “ that, accord- 
ing to the relation of voyagers, the mountains of 
the north are but small bills when compared to 
the mountains of the equatorial regioasj and that 
the general .movement of the waters produced 
those large mountains in the Old Continent, 
which stretch from east to west, and from north 
to south in the New.” 

This passage requires explanation, as well as 
some restrictions. From a thousand observa- 
tions, it is certain, that shells and other produc- 
tions of the ocean, are found upon the whole 
surface of the inhabited parts of the earth, and 
even upon the mountains to a very great height. 

I advanced, from the authority of Woodward, 
w’bo first collected facts upon this subject, tiiat 
shells were likewise found upon the tops of the 
highest mountains. From my own observations, 
as well as those of others, I know, that there 
,are shells in the Alps and Pyrennecs at 901), 
1,000, 1,200, and 1,300 fathoms above the level 
ol the sea; that they arc lilcdwise found in the 

♦ Oeuvres de Regnard, torn. i. p. 1 85. 
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mountains of Asia ; and, lastly, in the Cordeliers 
of America, a bank of shells has lately been 
discovered at the height of more than 2,000 fa- 
thoms above tlie sea 

It is, therefore, certain, that, in all the dif- 
ferent parts of the world, and even to the height 
of 1,500 or 9,000 fathoms above the present level 
of the sea, the surface of the globe has been 
covered with the waters, and that they remained 
long enough for the production and multiplica- 
tion of shell animals ; for the quantity of them 
is so great, that their spoils often form large 
banks, which extend many miles in length. 
They compose a considerable part of the exterior 
strata of the eartii; for calcarious substances, 
or the spoils of shells, are very common in most 


• M. 1c Gentil, of the Academy of Sciences, wrote me the 
following letter, in December, 1771: "Don Antonio Ulloa 
desired me, when departing from Cadiz, to send him two 
petrified shells, which, in the year 1761, he had dog out of 
the mountain that contains the quicksilver mines. This 
mountain is in the government of Ouanca-Velica in Peru. 
Its southern latitude is from 13 to 14 degrees. At the place 
where these shells are found, the mercury stood at 17 inches 
H line, which corresponds to Uie height of 2,222-i fathoms 
above the level of the sea. 

" At the lop of the mountain, which is far from being the 
highest in this canton, the mercury stands at 16^ inches, 
which implies a height of 2,337i fathoms. 

" In the town of Ouanca*Velica, the mercury stands lit 18 
inches 14 line, which givej a height of 1,949 fathoms. 

" Don Antonio Ulloa informed me, that he detached these 
shells from a very thick bank, the extent of which he did 
not know ; the shells are of tlie large pilgrim or scallop 
kind." 
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countries. But, at high points of elevation, i. e. 
above J,500 or 2,000 fathoms, the summits of 
the mountains generally consist of pure rock, 
gmnite, and other vitrifiable bodies, produced 
by the primitive Are, which contain no shells, 
madrepores, or any thing that has a relation to 
calcarious substances. We may, therefore, con- 
clude, that the sea has never reached, or at least 
for a short time only, those most elevated parts 
of the eartii. 

To support the testimony of Don Ulloa, con- 
cerning the shells found in the Cordeliers, we 
shall add that of Aiphonso Barba. He tells us, 
that, in the most mountainous parts of Peru, 
there are shells of all sizes, some of them con- 
cave, others convex, and the whole finely im- 
pressed*. Hence America, as well as the other 
quarters of the globe, has been covered with the 
waters of the sea. The first observers were pro- 
bably induced to think that no shells were to be 
found in the Cordeliers, because most of these 
mountains, which are the highest on this globe, 
are either active or extinguished volcanos, the 
eruptions of which have covered all the adjacent 
■ countries with burned substances: of course, 
all' the shells which might have been found 
there, are not only buried, but completely de- 
stroyed. It is not, therefore, surprising that no 
marine productions have been discovered around 
these mountains, which either are at present, or 
have formerly been volcanos j for the territories 


* Metallurgie d’ Alplioii.so Barba, toni. i. p. 64. 
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which snrroimd these mountains must be com* 
posed entirely of ashes, scorim, glass, lava, and 
other burned or vitriBed bodies. Thus the no* 
tion that the sea never covered the mountains, 
has no other foundation than this circumstance, 
that, on the tops of several of them, no shells or 
other productions of the sea are now to be seen. 
But, as we find, in an infinite number of places, 
and even as'high as 1,500 or 2,000 fathoms, shells 
and other sea bodies, it is evident, that there are 
few ridges of mountains which have not been 
covered with the ocean ; and that the spots where 
no shells appear only show that the animals 
which produce them have never dwelt there, 
or that the motion of the waters has not tran* 
sported thither marine productions, as it has 
done in every other part of the globe. 

We are next informed, that some fishes and 
plants can live and vegetate in waters so hot as 
from fifty to sixty-three degrees of the thermometer. 
There are many examples of plants growing in 
the hottest bath waters ; and M. Sonnerat found 
fishes in water the heat of which was so great 
that he durst not plunge his hand into it. “ Two 
leagues from Calamba,” says he, “ I found, in 
the isle of Lii^n, near the village of Bally, a 
brook, the water of which was so hot that Reau- 
mur’s thermometer, when plupged into it, about 
a league from its source, stood at the sixty-ninth 
degree. Upon perceiving such a degree of heat, 
1 imagined, that all the productions of Nature 
must have been extinguished upon the margin of 
this brook. But 1 was much surprised when I 
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saw thre6 vigorous shrubs, the roots of which 
were immersed in this boiling water, and their 
brandies surrounded with its vapour. The heat 
was so great, that, when * the swallows attempt^ 
to cross the water at seven or eight feet high, 
they uniformly fell down dead. One of these 
shrubs was an agnus castus, the other two were a 
species of broom called aspalathns. During my 
abode in this village, I constantly drank this 
water after it was cooled. Its taste seemed to be 
earthy and ferruginous. Several baths are con- 
structed along this brook, and their degrees of 
lieat are proportioned to their distance from its 
source. When I visited the first bath, my 
surprise was increased: in this water, which 
was so hot that I durst not plunge my hand 
into it, I saw fishes swimming. I used every 
effort to procure some of them; but their agi- 
lity, and the want of address in the people, 
prevented me from succeeding. 1 examined 
them in the water ; but I could not distinguish 
their genus, on account of the vapour rising 
from the water. They had brown scales, 
and the largest of them were about four inches 
long. 1 could not learn how these fishes 
had got into the bath.-!.” The testimony of 
M. Sunricrat is strengthened by that of M. Pre- 
•vost, who travelled with him into the interior 
parts of the isle of Lu^on. ^ You was right,” 
iVI. Prevost remarks, “ to communicate to M. de 
Bufibn the observations you collected when 
we travelled together. You desired me to con- 
firm in writing what surprised us so much in 



FACTS AND AROtfMENTS, &c. 269 

the village of Bally, situated on the margin of 
the Laguna of Manilla, at Los-bagnos. I am 
sorry I have not a copy of our observations 
made with Reaumur’s, thermometer. But I 
clearly recollect, that the^ater of the small 
brook, which passed through this village to fall 
into the lake, made the mercury rise to sixty-six 
or sixty-seven degrees, though it was plunged 
into the water at a league’s distance from the 
source of the brook. The margins of this brook 
were covered with a very fine green carpet. You 
cannot have forgot the agnus castus we saw in 
flower, the roots of which were moistened with 
the water of the brook, and its stem and branches 
perpetually surrounded with its steams. The 
curate of the village likewise assured me, that he 
had seen fishes in this same brook. This fact I 
cannot certify. But I saw fishes in one of the 
baths, the heat of which raised the mercury to 
forty-eight and fifty degrees*.” 

I know not whether fishes have ever been 
found in our hot waters : but it is certain that 
the bottom of the hottest of them is covered 
with plants. M. I’Abbe Mazeas informs us, 
that, in the almost boiling water in the Solfatara 
of Viterbe, the bottom of the basin is covered 
with the same plants which grow at the bottoms 
of lakes and ditches f. 

^ Voyage d la Nouvell^ Guinee par M. Sonnerat^ Corre- 
spondent cie rAcadeiriie Royale dcs Sciences, dt du Cabinet 
Roi^ p. 38, &c. 

f Mem. cles Savans Etrangers, tom. y- P* 325. 
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Of Giants. 

From monuments which still remain, it appears, 
that gigantic animaflf of different kinds have for« 
merly existed. 

The large teeth with blunt knobs which I 
formerly described, indicate the existence of an 
animal whose magnitude greatly surpassed that 
of the elephant. But this gigantic species is 
now entirely annihilated. Other large teeth, 
the grinding face of which resembles spades on 
cards, like those of the hippopotamus, and 
which are four times larger than the teeth of 
the present hippopotamus, show that there has 
been a very gigantic species of this animal. 
The enormous thigh bones, which far exceed the 
dimensions of those of our elephants, demon- 
strate the same thing with regard to the elephant 
species. 

In the year 1772, there was found, near 
Rome, a petrified head of an ox, which P. 
Jacquicr describes in the following manner: 
** The length of the front, between the two horns, 
is two feet three inchea; the distance between the 
orbits of the eyes, fourteen inches, and that 
from the superior part of the front to the orbit of 
>the eye one foot six inches ; the circumference of 
the horn at the' base, is one foot six inches; 
the length of the horn fohr feet; and the dis- 
tance between the ends of the horns three 
feet. The internal part of this petrifactions 
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is extremely hard. This head was found at 
iPuzzolani more than twenty feet below the sur- 
face of the ground 

** In the year 1768, I^w, in the cathedral of 
Strasburg, a large horn wHili ox suspended by 
a chain to a pillar near the choir. It appeared 
to be three times bigger than those of our 
largest oxen. As it was hung very high, 1 
could not take the exact dimensions, but 1 
judged it to be about 4^ feet long, and from 
seven to eight inches in diameter at the base f.” 

Lionel WafTcr relates, that he saw, in Mexico, 
bones and teeth of a prodigious size: among 
others, he saw a tooth three inches broad, and 
four in length. Having consulted the most intel- 
ligent people of the country, they concluded 
that the head could not be less than a yard 
broad J. 

It is, perhaps, the same head which Acosta 
mentions : “ I saw,” says he, “ a grinder which 
astonished me by its enormous size ; for it was 
as large as a man’s fist.” P. Torquemado, a 
Franciscan, relates, that he had in his possession 
a grinder, twice as large as a man’s 6st, and 
which weighed two pounds. He adds, that, in 
the city of Mexico, and in the Convent of St. 
Augustinc, he saw a thigh bone so large, that the 


* Gazette de France du 25 Septembre, 1772, art. de 
Some. 

t Note communicated to M. de Builbn by M. Greignon, 
Sept. 24. 1777. 

% Walter's Travels in America, p. i67. 
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individual to which it belonged must have been 
from eleven to twelve cubits high, i. e seventeen 
or eighteen feet ; and that the head must have 
been as big as one of. ^e large pitchers used in 
Castille for holdingf4Kro. 

Phillippe Hernandos informs us, that there 
W'ere found, at Tezaco and Tosuca, several 
bones of an extraordinary magnitude ; and that 
among these there are grinding teeth live inches 
broad and ten high ; from which he concludes, 
tliat the size of the head must have been so enor- 
mous that two men could not have embraced it 
with their arms. Don Lorenzo Botnrini Bena- 
duci likewise tells us, that, in New Spain, and 
particularly in the heights of Santafe, and in the 
territories of Puebla and Ttlascala, they find 
enormous bones and grinders, one of which, 
preserved in the Royal Cabinet, is a hundred 
times larger than the largest human teeth *. 

The author of this - Gigautologie Espagnole 
attributes these enormous teeth and bones to 
giants of the human species. But, is it credible 
that men ever existed whose heads were eight 
or ten feet in circumference? Is it not equally 
astonishing, that, in the species of the hippopo- 
tamus or elephant, there have been individuals 
of this magnitude? We are, therefore, led to 
•think, that these enormous teeth are of the/iame 
kind with those litely found in Canada near the 
river O^o, which we ascribed to an unknown 

* Qigantologie Espagnole, par le P. Torrubia, Journal 
Stranger, Nor. 1760. 
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animal, whose species formerly existed in Tar- 
tary, ill Siberia, and in Canada, and which ex- 
tended from the Illionois as far as Mexico. As 
the Spanish autiiors do not mention that elephants* 
tusks were found in New SpSin along with these 
large grinders, it is probable tliat a species differ- 
ent from that of the elephant formerly existed 
there, to which these large grinders belonged, 
and that this species was diffused as far as 
Mexico. Besides, the large teeth of the hippopo- 
tamus seem to have been anciently .known } for 
St. Augustine tells us, that he saw a gprinder so 
large, that, if divided, it would have made 100 
teeth of an ordinary man *. Fulgosa likewise re- 
marks, that teeth were found in Sicily, each of 
which weighed three pounds f. 

John Sommer relates, that he found, near 
Chatham in Canterbury, at theadepth of seven- 
teen feet below the surface of the earth, mon- 
strous bones, some of them entire, and others 
broken. He likewise found four entire teeth, 
each of them weighing more than half a pound, 
and nearly as large as a man’s fist. The whole 
four were grinders, and, except in magnitude, 
they pretty much resembled human teeth. He 
farther remarks, that Louis Vives mentions a 
grinder still larger, which was shown him for a 
tooth ^f St. Christopher. He adds, that Acosta 
saw in India a similar tooth dug* out of the earth, 
along with several other bones, which, wlien ar- 

« De Civitate Dei, lib. xr. cap. 0. 

t Ibid. lib. i. cap. dr 

VOL. II. , T 
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mnged in proper order, repre^'ehte'd a Vn4n of a 
monstrous Stature. W« might have formed the 
same idea,” says Mr. Somnicr, “ concerhing 
the teeth dug out of the earth near Canterbury, 
if boties had not been found in the same place, 
u’hjch did not belong to the human species.” 
Several persons who examined these boU'es, 
judged them to be the bon^s and teeth of the hip> 
popo’tathus. Two of these teeth are engraved m 
the Philosophical Transactions, nnm. 272, fig. 9. 

From these 'facts we may conclude, that most 
of those large boh^ found under the surface of the 
earth belong to the elephant and hippopotamus : 
but it seems to be certain, that, by comparing 
the enormous teeth with blunt knObs with those 
of the elephant and hippopotamus, they have be- 
longed to an animal much larger than either, 
and that the species of this prodigious animal no 
longer exists. 

AmOng the pmseiit elephants, it is extremely 
rare 'to find a tusk of six feet in length. The 
longest are generally from five to six and a half 
feet ; and; of course, the ancient elephant, which 
produced a tusk of ten feet long, whose fragments 
are in OUr possession^ Was a gighntiu species. 
The immense thigh bone in the 'Royal Cabiiiet 
confirms the same conclusion. 

The same remark is applicable to 'tbeU?pecies 
of t he Hippopotamus. 1 caused two df the largest 
grindeiiF to be extracted from the largest head of 
the hippopotamus in the Royal Cabinet : one of 
them weighed ten, and the other hihe ahd a half 
ounces. 1 then weighed two teeth, the dne found 
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in iSiberia, and the other in Canada. The first 
weighed two pounds twelire ounces, and the se- 
cond two pounds two ounces. Hence these an- 
cient hippopotami were gigantic when compared 
with those now existing. 

The example already given of the enormous pe- 
trified head of an ox, found in the environs of 
Rome, proves, that there have likewise been pro- 
digious giants in this species of quadruped, which 
we are also enabled to show by several other mo- 
numents of antiquity. In the Royal Cabinet, we 
have, 1. A fine, greetiish horn, which is very 
smooth and well turned, and evidently belongs to 
the ox. The circumference at the base is twenty- 
five, and its length forty-two inches. Its cavity 
contains deven and a quarter Paris pints of li- 
quor. 2. The core, or internal bone of an ox’s 
horn, which weighs seven pounds; whilst the 
largest core of the horns of our oxen exceeds not 
the weight of one pound : this internal bone was 
presented to the Royal Cabinet by M. le Comte 
de Tressan, a man of taste, and a good natural 
historian. 3 . Two internal bones of an ox’s horn, 
attached to a portion of the cranium, were found 
in beds of turf, at the depth o^ twenty-five feet, 
between Amiens and Abbeville, and transmitted 
to me for the Royal Cabinet. The whole weighed 
seventeen pounds ; and each horn I>one, when se- 
parated from the cranium, weight at least seven 
and a half pounds. 1 compared the dimqpsions, 
as weH as the weiglit of these difierent bones ; > 
that of the largest ox to be found in Paris was 
only thirteen inches long, and seven in circutt- 

T S 
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iercnce at the base. But, of the two dug out of 
the earth, the one was twenty-four inches long, 
and twelve in circumference at the base, and the 
other trtrenty-seven inches in length, and thirteen 
in circumference. These fact^ are more than 
sufficient to show, that, in the species of the ox, 
as well as in those of the hippopotamus and ele- 
phant, prodigious giants have formerly existed. 

With regard to the human species, individual 
giants have been produced uot^nly in Asia, but 
in every climate j for, even in our own days, we 
see gigantic men in every country. We lately 
saw a giant who was born in Finland, on the very 
confines of Lapland. But we are not equally 
certain, that permanent races, and far less entire 
nations of giants, ever existed. However, the 
testimony of ancient authors, and especially 
those of Ploly Writ, seem clearly to indicate, that 
races of giants formerly existed in Asia. In the 
book of Numbers, chap. xiii. verse 33, it is said, 
^nd there we saw giants, the sons qf Anak, which 
came of the giants : and we were in our own sight as 
grasshoppers, and so we were m their sight. 
Though this description may have the appear- 
ance of exaggeration, which is common, in the 
oriental style, it is plain that these giants were 
Vfery large. 

In 2 Samuel, chap. xxi. verse 20, ajfiantis 
mentioned of the race and family of Goliah, who 
had six^fingers and toes bn his hands and feet: 
in the same book there are several other passages 
which prove the existence and destruction of 
giants. 
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la Joshua, chap. ii. verse 22, it is saiJ, that 
there was none of the giants of the race of the 
Anakims left in the land of the children of Israel ,• 
only in Gaza^ in^ Gath, and in Ashdod, there re-- 
mained. 

Philo, St. Cyrillus, and several other authors, 
seem to think, that the word giants means only- 
proud and impious men, and not men of an ex- 
traonl inary stature. But there is no foundation 
for this opinion ;«ince the amazing height and 
strength of these men are often described. 

The prophet Amos informs us, that the Lord 
destroyed the Amorite, xohosc height was like the 
height of cedars, and he toas strong as the oaks. 

Ogg, king of Basan, was nine cnbits high, 
and Goliah ten cubits and one palm. Ogg’s 
bed was nine cubits, or thirteen and a half 
feet long, and four cubits, or six feet, broad. 
'I'he breastplate of Goliah weighed two hundred 
and eight pounds four ounces, and tlie blade of 
his lance twenty-five pounds. 

These evidences arc sufiicient to prove, that 
there formerly existed, in the conti’.ient of Asia, 
not only individuals, but races of giants, who 
have been destroyed, and the last of whom ap- 
peared in the days of king David. Nature, who 
never loses any of her rights, sometimes resumes 
her former powers of pro«luction ; for, in almost 
every climate, men of an extraordinary "stature, 
i e. of seven and a half, eight, and even nflle feet 
high, occasionally appear. Beside the examples 
already given, many others arc to be found, both 
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in ancient and modern authors, of giants of ten, 
twelve, fifteen, and eighteen feet high. • But 
these last dimensions, I am persuaded, ought to 
he greatly reduced. The bones of elephants 
have often been mistaken for human bones. Be- 
sides, Nature, in her present appearance, presents 
no species with such great disproportions, except, 
perhaps, that of the hippopotamus ; for the teeth 
of those found in the bowels of the earth are at 
least four times larger than thip teeth of the hip- 
popotamus which now exists. 

The bones of the supposed king Teiitobochus, 
found in Dauphiny, gave rise to a dispute between 
Habicot, a surgeon in Paris, and Riolan, fhe fa- 
mous anatomist, Habicot, in his Giguntosleolegiet 
tells us, that these hones were taken out of a 
brick sepulchre, eighteen feet below ground, and 
surrounded with sand. He neither gives an ex-, 
act description, nor the number of these bones. 
He asserts that they are human, because they 
belonged to no other animal. He adds, that 
some masons, when working for Seignior l^an- 
gon, a gentleman of Dauphiny, on the 11th 
day of January, 1613, discovered this tomb near 
,the ruins of the castle of Chaumont; that the 
tomb was built with brick ; that it was thirty feet 
longj twelve broad, and eight high ; that it was 
covered with a gray stone, on the middle of which 
was engraved, Te'utobockus Rex ; that, when the 
tomb was opened, a human skeleton appeared, 
which was feet long, ten broad at the shoul- 
ders, and five thick ; thftt, before touching these 
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boncS;, the head measured, and it was five 
feet in length, and teq in circumfesrencp. Hera> 
it is wor^iy of r^marh* that the proportion be- 
tw^n the length of a human head and that of 
the body, is notr a fifth, but a seventh and one 
half; so that this head of five feet supposes the 
body to havp been 37i feet in length. Lastly, 
Habiept tells us, that the under jaw was six feet 
round* aqd the orbits of the eyes seven inches : 
that each clavicle was seven feet long; and that 
most of these bones, after being exposed to the 
air, criimbled into dust. 

In the same year, 1613, Dr. Riolan published 
a tratt under the title of Gigantomachie, in which 
he qiaintains, that Habicot, in his Gigantostep- 
Ipgie, had given false measures of the body aqd 
bones qf the pretended giant Teutobochus ; that 
Riolan measured the thigh bone and the bone of 
tlie leg together with the astragalii-s joined to the 
calcaneum ; that they exceeded not 6| feet, even 
including the os pubis; and, of course, that the 
length of the giant could be only thirteen feet, 
instead of twenty-five. He then gives his rea- 
sons for denying these bones to be human ; and 
concludes, that the bones exhibited by Habicot 
belong not to man, but to the elephant. 

A year after the publication of Ifabicol’s Gi- 
ganto{;teologie and Riolan’s Gigaptomachi^ a 
paipphlet appeared under the title of TSic Tmpos- 
ture^ concerning supposed hun^an Bones at- 

tributed to King Teutoboch^tSf ^scpvered. In this 
pamphlet, the bones arc denied to be human, and. 
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supposed to have been engendered by some vir« 
tue in the earth. Another pamphlet was pub* 
lished without a name, in which it is said, that, 
among these bones, some were human and others 
not. 

In 1618, Riolan published his Gigantologte, 
in whibh he maintains, that the bom^s in ques- 
tion were not only not huiqan, but that men in 
general were never larger than they are at 
present. 

In the same year, Habicot replied to Riolan : 
he says, that he presented his Gigantosteologie 
to Louis XIII. ; that, about the end of J uly , in 
the year 1613, the bones mentioned in this \vork 
were exposed to the eye of the public ; and that 
they are real human bones. He quotes a number 
of examples from ancient and modern authors, to 
prove that men of immense stature have existed. 
He persists in maintaining, that the calcaneuin, 
tibia, and femur of the giant Teutobochus, when 
joined to each other, were more than eleven feet 
in length. 

He next gives letters written to him at the 
time these bones were discovered, and which 
seem to con6rm the reality both of the tomb 
and of the bones of the giant Teutobochus. 
From a letter written by *Soignior de Langon, 
'dated St. Marcellin, in Dauphiiiy, and another by 
the Sieur Masuricr, a surgeon at Bcanrepaire, it 
appears, that silver coins were found along with 
the bones. The first letter contains the follow- 
ing passage : “ As his majesty,” says Seignior 
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de Langon, is desirous of having the remainihg 
bones of king Teutobochus, and the silver coius 
found in the tomb, I declare, that your adver- 
saries are ill informed, and that, if they knenr 
the matter more perfectly, they would not en- 
tertain any doubts that these bones really belong 
to the human species. The physicians of Mont- 
pellier canie here, and would have given any 
money to purchase the bones. M. le Marshal 
de Lesdiguiercs made them be carried to Gre- 
noble,; and the physicians and surgeons of tiiat 
place recognised them to be human bones. This 
fact, of course, can only be denied by persons 
whb are ignorant of the real circumstances.” 

In this dispute, neither Riolan nor Habicot, 
the one a physician and the other a surgeon, 
have had sense enough to give an exact descrip- 
tion of the bones in question. Both of them, 
actuated by passion and a party spirit, have 
written in a style which destroys all confidence 
in their assertions. Hence it is extremely diffi- 
cult to ascertain the species to which these' 
bones really belonged. But, if they :wcre found 
in a brick tomb, with a .stone cover, upon which 
the words Teutobochus Rex were inscribed ; if 
coins were found in this tomb ; if it contained 
but a single skeletal of twenty-four or twenty- 
five feet in length ; and, if Seignior Langon*if' 
letter relates nothing but truth, the general fact, 
i. e. the existence oi a giant of twenty-four feet 
high, unless we should suppose a very extraordi- 
nary concourse of falsehoods, could not admit of ^ 
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a doubt. But the fact is by no means pmved 
in a manner, so explicit as not to leave room for 
much hesitation. It is true, that several authors, 
otherwise worthy of credit, have mentioned giants 
as large, and even larger. Pliny relates*, that, 
by an earthquake in Crete, a mountain was split, 
and discovered a human body of sixteen cubits 
long, wiiich some ascribed to that of Otus, and 
others to that of Orion. Sixteen cubits are equal 
to twenty-four feet, which is the same length 
with the skeleton of king Teutobochus, 

In a memoir of M. le Cat, an academician 
of Boueu, we have an enumeration of several 
giants of enormous magnitude} namely, two 
whose skeletons were found near Athens, of 
which one was thirty-six and the other thirty-fovir 
feet high } another of thirtj' was found in Sicily, 
near Palermo, in the year 1548 } another of 
thirty-three feet was likewise found in Sicily, in 
the year 1550 ; and another was also found in 
Sicily, near Mazarino, which was thirty feet 
long. ^ 

These testimonies notwithstanding, it is dif- 
ftcult to believe that men of thirty or thirty-six 
feet liigh ever existed : it is perhaps too much to 
believe in the existence of giants of twenty-four 
feet ..high. However, evidaiices multiply, be- 
' come more positive, and gradually increase, in 
proportion as the' dimensions decrease. M. le 
Cat relates, that, in the year 1705 , there was 


I.ib. rii. cap. 16 . 
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found, near the banks of the river Morderi, at the 
foot of Mount Crussol, the skeleton of a giant 
which measured 33i feet; and that the Domini- 
cans of Valencia have part of the tibia with 
the joint of the knee. 

Platerus, a celebrated physician, asserts, that 
he saw at Lucerne the skeleton of a man, which 
was nineteen feet in length. 

The giant Ferragus, slain by Rolland, nephew 
to Charlemagne, was eighteen feet high. 

In the sepulchral caverns of the island of Te- 
ueriOe, a skeleton was found, which measured 
fifteen feet, and in whose jaws were eigiity teeth. 
These three fai'.ts, as well as the preceding, are 
related in M. Ic Cat's Essay concerning Giants. 
He mentions anoUier skeleton found iu a ditch 
near the convent of the Dominicans at Rouen, 
the skull of which held a bushel of corn, and the 
bone of the leg was four feet long: the whole 
body, of course, must have been from seventeen 
to eighteen feet in length. Upon the tomb of 
this giant, the following inscription was en- 
graved ; “ Here lies the noble and puissant seig- 
nior le chevalier Ricon de Valmont, together 
with his bones.” 

In the Journal Litteraire of Abli6 Nazari, we 
are told, that, in High Calabria, in the oionth 
of July, ]6(5o, there was dug out of the gardens 
of Signior de Tiviolo, a skeleton of eighteen 
Roman feet long ; ' that the bead was 3i feet; 
that eacii grinder weighed about an ounce and a 
third, and the other teeth three quarters of an 
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ounce ; and that this skeleton bedded in a 
mass of bitumen. 

Hector Boethius, in his History of Scotland, 
relates, that the bones of a man, ironically called 
Little John, are Still preserved, who was supposed 
to have been fourteen feet high. . 

In the Journal des Savans, pn7io 1699, there 
is a letter from P. Gentil, professor of plnloso* 
phy at Angers, in which he says, that, having 
been informed of a gigantic body discovered nine 
leagues from the town of I..assc, he went to the • 
spot to satisfy himself concerning the truth of the 
fact. He learned from the enrute of the place, 
that, in digging his garden, a sepulchre was dis- 
covered which contained a body of seventeen 
feet two inches long. There was no skin on the 
body. This body had others between its 'arms 
and legs, which might have been the person’s 
children^ In the same place, there were disco- 
vered fourteen or fifteen other sepulchres, some 
of them ten feet, others twelve, and others four- 
teen feet long, which contained bodies of the 
same dimensions. The sepulchre of this giant 
continued exposed to the air more than a year; 
but,' as it attracted too many visitors to the 
.curate, he again covered it with earth, and 
planted three trees in the place. These sepul- 
chres were constructed with a stone which resem- 
bled chalk. 

Thomas Mollinenx saw, in a cabinet at Ley- 
den, a prodigious human frontal bone. From 
its junction with the nose to the sagittal suture. 
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it was 9^ inches; its length was 12^ inches, 
and its thickness half an inch, i. e. in every di- 
mension it was double that of an ordinaty. frontal 
bone. Hence the person to whom this gigan- 
tic bone belonged must have been twice the 
common size of a man, or at least eleven feet 
high. This bone was unquestionably human; 
and it seemed not to have acquired this uncom- 
mon magnitude by the clTects of any disease; 
for its thickness was exactly proportioned to its 
other dimensions, which never happens in dis- 
eased bones *. 

M. Klein tells us, that he saw, in the cabinet 
of M. Witreu at Amsterdam, a frontal bone, 
from tl)e dimensions of which it appeared, that 
the person to whom it appertained must have 
been thirteen feet four inches high, /. e. abqut 
French feet f. 

After all these facts, I shall leave my readers 
in the 'Same embarrassment as myself, with re- 
gard to the real existence of giants of twenty-four 
feet in length. 1 cannot persuade myself, that, 
at any time, or by any circumstances whatever, 
the human body could be elevated to such im- 
moderate dimensions. But, at the same time, 
it is unquestionable, that giants of ten, twelve, 
and perhaps even of fifteen feet high, have 
existed; and it is almost certain, that, in the 
primaeval ages of nature, not* only gigantic indi- 
viduals, but even * permanent and successive 

* Phil. Trans, iium. IdS. art. ii. 
t Ibid. nuin. 45C, art. iii 
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races of giants, vrere produced, which that 
Of the Patagonians is the only lemaining 
ample. 


To prove that scmie of the fishes and plants 
found in coal and slate belong to species which 
no longer exist, the count de Buffon produces 
the rollovviiig facts and observations: 

With regard to this subject, we shall remark, 
with M. Lehman*, that there are no impres- 
sions of plants in slate, except when it accom- 
panies pit-coal; and that, on the contrary, im- 
pressions of fishes are seldom found but in cop- 
pery slates. 

It has likewise been remarked, that, in the 

/ 

district of Mansfield, the beds cif slate which con- 
tain petritled fishes, are covered with a stratum 
of stones called stinking stones. This stratum is 
a species of gray slate, which has derived its 
'origin from stagnant water, where the fishes had 
corrupted before they were petrified •}■. 

. M. Hoflman, when treating of slates, says, 
thUt'the petrified fishes fouud in these stones have 
not only been living creatures, but that the 
’ Strata of slate have originated from muddy water, 
which, after fermenting and petrifying, subsided 
in thin laminie or beds. 

**■ In the .slate of Angers,” says M. Gnttard, 


* Tom. iii. p. 407. 

t Leeberolb, Journal Occonomique^ Juillet« 175*2« 
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** tbene ftre s^i^nues of 

Ashes, tvhich Merit the greater attohtibn, be- 
cause the itnpressrona of the plants reprint ma- 
rine foci, or sea Wreck, and those of the fishes 
represent different species of the crustaceous 
tribes, the impressions of which are more rare 
than those of scaly Ashes, or shells.” He adds, 
“ that, after consulting several authors who treat 
of fishes and crustaceous animals, he could not 
discover any of them that resembled the impres- 
sions in question, except the sea louse, which 
has some resemblance to them; but it has thir- 
teen rings, and the impressions on the slat(>s have 
only seven or eight: the impressions of these 
fishes are generally interspersed with a whitish 
pyritous substance. It is remarkable, tint in the 
slates of Angers, as Well as in those of other 
countries, the impresi'ious of fishes arc fro- 
{|uent, and tliose of shells are exceedingly rare, 
Whilst the latter are very common in lime- 
stone 

Many proofs might be given that all pit-coal ^ 
is composed of the spoils of vegetables, mixed 
with bitumen and sulphur, or rather with the 
vitriolic acid, which is perceived when the coal 
is burning. We often find a great quantity of 
vegetables in the upper strata of coal ; and in pro- 
portion as wc descend, we see traces Of the de- 
composition of the same vegetables. There are 
species Of coal which are not fossil wood: that 
found at Saiute Agn6s, near Luns-lc-Saunier, 


* Mem. de TAcad. dns Sciences, ann. 1757# p d2. 
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has a perfect resemblance to logs or^trunks of Hr, 
in which we distinctly perceive the marks of each 
year’s growth, as well as the pith. These trunks 
differ only- from common fir by being somewhat 
oval, and by their rings being concentric ellipses. 
They exceed not a foot in circumference, and 
their bark is very thick and full of furrows, like 
that of old firs. But the bark of common firs, of 
the same size, is always smooth. 

“ 1 found,” M. de Gensanne remarks, “ se- 
veral veins of this kind of coal in the diocese of 
Montpellier: here the trunks are very large; 
their texture resembles that of chesnut trees from 
three to four feet in circumference. These fossils, 
when burning, have only a slight odour of as- 
phaltuni. Their flame and embera resemble those 
of weotl. They are found near the surface of the 
earth, and commonly indicate the existence of 
real pit-coal at greater depths 

These ligneous coals ought to be regarded as 
wood deposited in a bituminous earth, from w'hich 
they derive their fossil quality. They are found 
only in earths of this kind, and always near the 
surface. They sometimes form the stratum iin- 
m^iately above the seams of real coal. Some of 
them, which have been impregnated with a small 
quantity only of bitumen, preserve the shades 
and colour of wood. “ I found this species,” says 
M. de Gensanne, at Cazarets, near Saint Jean 
de Culcul, four leagues from Montpellier. , But, 

* Hist. Nat. du Languedoc, par M. de Gensanne, tom. i. 

p. 20. 
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when broken, this fossil commonly presents a 
smooth surface, pertcctiy similar to timt of jet. 
In the same canton, near Ascras, there is fossil 
wood changed into a white ferruginous pyritcs< 
The mineral matter occupies the heart of the 
wood ; and we distinctly perceive the woody sub- 
stance furroweil and partly dissolved by the mi- 
neral acid *. , 

After such proofs, relat<'d by M. de Gensanne 
himself, wlio is otherwise a good mineralogist, 
I acknowledge, that I was surprised to see him 
ascribe tiie origin of coal to clay more or less 
impregnated with bitumen. This notion is not 
only refuted by his own facts, but we shall be 
convinced bv those I am about to relate, that w'e 
ought to attribute the origin of every species of 
coal to the spoils of vegetables mixed with 
bitumen. 

I agree with M. de Gensanne, that neither 
this fossil wood nor turf can be considered' as 
coal completely formed. That found near 
Lonsle-Saunier has been recently examined by 
the president de HutVey, a learned academician 
of Dijon : he remarks, that this fossil wood mak^s 
a near approach to the nature of pit-coal ; and 
that it is found within two or three feet of the 
surface through an extent of two leagues ; that 
it is from three to four feet thick that we easily 
distinguish the species of wood to be oaks, horn 
beams, and trembling poplars; that this wood 
is sometimes in the form of bundles or faggots ; 

* Hist. Nat. flu Laiigueduc, tom. i. p. 54. 
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that the bark of the logs is well preserved; 
that the annual circles, the cuts made by the 
axes, and, at different distances, collections 
of chips are plainly distinguishable; that this 
wood converted into coal is excellent for sold- 
ering iron; that, when burning, it diffuses a 
fetid odour; and that hIiiui has been extracted 
from it *, 

' “ Near the village called Beiehlitx, about a 
league from the town of Halle, two strata, 
composed of a bituminous earth and fossil 
wood (of which there are several mines in the 
country of Hesse), wore discovered. It is simi- 
lar to that found in the village of Sainte Agn6s 
in Franche-comte, two leagues from Lons-le- 
Saunier. This mine is in the territory of Saxe. 
The first stratum lies at the depth ot' three fa- 
thoms add a half, and is from eight to nine feet 
thick. To arrive at it, we cut through a white 
sand, then a whitish gray clay, which is three 
feet thick ; still deeper we meet with a consider- 
able thickness both of sand and clay, which 
cover the second stratum. This stratum is only 
from three and a half to four feet thick. tVe 
sounded deeper, hut found no other strata of that 
kind. 

“ These strata arc horizontal ; but they sink 
or rise nearly i|i the same manner as common 
strata. They consi.st of a brown bituminous 
earth, which is friable when dry, and resem- 
bles corrupted wood. Pieces of wood of all 


* Mem. de I'Acad. de Dijoti, tom. i. p. 47. 
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sizes are- (bund, which, when taken from the 
mine, where they are soft, must be cut with an 
axe. 'I'liis wood, when dry, breaks easily. 
When broke, it shines like bitumen ; but we 
distinctly perceive in it the whole organization 
of wood. It is less abundant than the bitu- 
niinuns earth, and the workmen lay it aside for 
their own use. 

" A bushel or two quintals of bituminous 
earth sells for eighteen or twenty French sous. 
Tn these strata there arc pyrites ^ they are of 
a vitriolic nature; when exposed to the air they 
effloresce and turn white: but the bitumi- 
nous matter is of little value, as it gives but a 
feeble heat 

Hence this species of fossil wood, found so 
near the surface of the earth, must be a much 
more recent production than common pit-coal, 
which is almost constantly sunk very deep. But 
this idea does not preclude the ancient coal from 
being f(»rmwl of the spoils of vegetables ; since, 
in the dcciicst c«jal mines, we recognise woody 
substances, and several characters which belong 
to vegetables only. Besides, there are some 
e.xainples of fossil wood found in large masses, 
and in extensive hctls, under strata of free-stone 
and calcarious rocks. Hence there is no other 
diilbreuce between real pit-coal ,and those char- 
red woods, but what arises from the degree of de- 
composition, and from a greater or smaller im- 
pregnation with hituincii. The basis of their 


Yoj^ages J\letalurgic|ucs de M, Jars, p. 320 
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substance is the same, and both derive their ori* 
gin from the spoils of vegetables. 

M. le Monnier, one of the king’s physicians, 
and a learned botanist, found, in the schist or 
false slate, which traverses a large field of pit- 
coal in Auvergne, the impressions of several 
ferns, almost the whole of wliich were unknown 
to him : he only thoughjt that he could dis- 
tinguish the impression of the leaves of the 
ofmund- royal, of which he saw but one example 
in all Auvergne *. 

It were to be wished that botanists would ex- 
amine more accurately the impressions of plants 
found in pit-coal and in slate. The impressions 
of plants, as well as those of crustaceous animals, 
shells, and fishes, found in these minerals, should 
be drawn and engraved ; for all this labour is 
necessary to enable us to determine the actual or 
the past existence of these species, or even their 
relative antiquity. At present, we are satisfied, 
that. most of them are unknown; and that, in 
those which have been referred to known species, 
the differences arc always so great as to create 
hesitation. 

• • The count de Buffon remarks, that the mo- 
tion of the waters from east to west has dimi- 
nished the surface of the earth on the west side; 
and that, in eveiy continent of the globe, the 
declivity is more rapid on the west than on the 
east coasts. This is evident in the continent of 
America, the declivities of which are extremely 


' Observations de Hist. Nat. par M. le Monnier, p. 193. 
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rapid and abrupt toward the western seas; but, 
towai’d the eastern coasts, the lands stretch by 
a gentle declivity, and. generally terminate in 
large plains. In Europe, the line that forms 
the summit of Great Britain, which runs from 
north to south, is much nearer the Western than 
the Eastern Ocean: for the same reason, the 
seas to the west of Britain and Ireland are much 
deeper than the sea which separates Britain and 
Holland. The ridge of Norway is much nearer 
the ocean than the Baltic Sea. Tiie mountafns 
which form the general summit of Europe are 
much higher towards the west than the east; 
and, if we take a p:irt of this summit, from 
.Switzerland to Siberia, it is much nearer the 
Baltic and White Seas, than the Black Sea and 
the Caspian. 7'hc Alps and Appennines are 
nearer the Mediterranean thanAhe Adriatic Sea. 
The chain of mountains wdiich runs from Tyrol 
to Dalmatia, and as far as the Morcii, in a riiun- 
ner skirts the Adriatic Sea; but the opposite 
coasts are much lower. In Asia, if we follow 
the chain W'hich extends from the Dardanelles to 
the Strait of Babelmatidel, we shall iiiid that the 
summits of Mount Taurus, of Libanus, and of 
all Arabia, skirt the Mediterranean and the Red 
Seas; and that, to the east, there are vast terri- 
tories where the ioiig-conrsed rivers run, and at 
last empty themselves in the Persic Gulf. The 
summit of the tamous iliouiitains called thcGauts 
approaches nearer to the western than the eastern 
seas. 'Die ridge which extends from the we.st 
frontiers of China to the point of Malacca, 
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the chain of Mount Allas sends rivers to the sea 
of the Canaries, whose courses are much shorter 
than those which run into the interior parts of 
the continent; and, after traversing vast tracts 
of country, lose themselves in lakes or great 
marshes. Tlie high mountains to the west of 
Cape Verd, and through all Guinea, after turn- 
ing round Congo, join the mountains of the 
Moon, and stretch as far *as the Cape oi‘ Good 
Hope, occupy pretty uniformly the middle of 
Africa: we shall perceive, however, on examin- 
ing the sea to tlie east and west, that the s(.*a on 
the east is not deep, and is interspersed with a 
great number of islands; whilst, to the west, it is 
deeper, and has but few islands; so that tlie deep- 
est places of tlie western sea are much nearer this 
chain of mountains than tlie deepest places of the 
eastern or Indian seas. 

Hence we see that, in general, all the points 
of partition in the great continents arc always 
nearer the west than the east seas; that the 
plains of these continents are always lengthened 
toward the east, and shortened toward the west; 
that the seas on the west coasts are d(x*pei*, and 
have fewer islands than those on the east; and 
that in all these seas, the west coasts of the islands 
arc always liigher, and the seas which wash them 
deeper than those on the east. 


We are next told, that there arc animals, and 
^‘venme-n so brutish^ that they rather languish 
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iu the ungrateful soil where they were brought 
forth, than take the trouble of removing to a 
more comfortable situation. Of this, says the 
count de Buffon, 1 can give a striking example: 
the Mailles, a small savage nation in Guiana, 
near the moulli of the river Ouassa, have no 
other habitation than trees, upon which they 
dwell during the wIkjIc j'car, because their coun- 
try is always more i»r less covered with water. 
They, never dcscen<l from these trees, except 
when they .go in canoes iu quest of subsistence. 
This is a singular exumjdeof a stupid attachment 
to a native country; for these savages, iu order 
to proeiire habitations on land, have only to re- 
move a few leagues from those drowned savan- 
nahs which gave them birth, and which they 
obstinately refuse to abandon. I'bis fact is men- 
tioned by some voyagers*, and has been con- 
firmed to me, by several witnesses, who have 
lately seen this small nation, which consists of 
300 or 400 savages. They keep themselves 
above the waU-r by means of the tri'es. 'riierc 
they remain the wliole year. During the 
eight or nine rainy months, their eounJry is 
a large sheet of water; and, during the four 
summer months, their soil consists of a dirty 
mud, upon w hich a crust of five or six inches 

* 'J'he Mailles, one of the savage nations of Guiana, dwell 
niung the coast. Tlieir country is often coveretl willi water. 
They, therefore, huiid their cabins upon trees, to the ftet 
of which they fasten their canoes, in which they sail in 
quest of subsistence; Voyage de Desmarchais, tom. ir. 
p. :;j2. 
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thick is formed. This crust is rather com« 
posed of herbage than of earth, under which 
is a considerable depth of stagnant and stinking 
water. 


The Caspian Sea, the count de Bnffon re- 
marks, was formerly much larger than it is at 

present. " In traversing,” says M. Pallas, 

“ the immense deserts which lie between the 
Wolga, the Jaik, the Caspian Sea, and the Don, 
I observed, that these steppes, or sandy deserts, 
are every way sarrounded with an elevatcil bor- 
der, which embraces a great part of the beds of 
the Jaik, Wolga, and Don 3 and that these deep 
rivers, before they penetrated this inclosing belt, 
were full of islands and shoals, till they began 
to fall into the deserts where tlie great river Kn- 
inan loses itself in the sands. From these obser- 
vations I conclude that the Caspian Sea has for- 
merly caocred all these deserts •, that it anciently 
had no other margins than tliose cle.vate<l belts 
which every where surround the deserts; and 
that it has communicated, by means of the Don, 
with the Black Sea, even supposing this sea, as 
well as that of Azofl’, had never made a part 
of it*. 

M. Pallas is unquestionably one 6f our most 

♦ Journal Historique et Politiqiit', moi.s de Novcinl>r 4 % 
1773j ar||^ Pciersbourg. 
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learned naturalists; and it is with the greatest 
pleasive that 1 see liim here entirely of my opi- 
nion with regard to the ancient extent of the 
Caspian, and the probability that it formerly 
communicated with the Black Sea. 


Tl)ere have been greater and more frequent 
revolutions in the Indian Ocean than in any 
other part of the globe. But, says the count de 
Buifon, tradition has only handed down to us 
the 8ul)mersion of Taprobana, The most an- 

cient traifition we have of the sinking of coun- 
tries in the south is that of the loss of Taprobana, 
of which the Maldivas and Laquedivas are sup- 
posed to have been formerly a part. These 
islands, as well as the rocks and banks which 
jM’evail from Madagascar to the point of India, 
seem to indicate the summits of countries that 
united Africa to Asia; for almost all of these 
islands have, on th% north side, lands aiid banks 
which stretch very far under the waters. 

It like -wise appears, that the islands of Mada- 
gascar and Ceylon were formerly united to the 
adjacent continents. Most of these separations 
ami revolutions in the southern seas have been 
produced by the sitiking of caverns, by earth- 
qjiakcs, and by cx[)losions of subterraneous fires. 
But lands have also been carried off’ by the slow 
and gradual movement of the waters frutft east to 
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west. The places where these effects are most 
apparent are the regions of Japan, of China, and 
of all the eastern parts of Asia. The seas situated 
to the west of China and Japan seem to be acci- 
dental productions, and perhaps more recent than 
our Mediterranean. 

The islands of Sunda, the Moluccas, and the 
Philippines, present nothing but countries which 
liave b('«,n overturned ; and they are still full of 
volcanos. There are many volcanos in the Ja- 
panese islands : and Japan is reputed to he more 
sul.ject to earthquakes than any other part of the 
globe : it also gives rise to a nuniber*of hot foun- 
tains, The greater part of the i.slands in the In- 
dian Ocean present only peaks or summits of de- 
tached mountains, which continually vomit fire. 
The isles of France anti Bourbon appear to be 
two of these summits: they arc almost entirely 
covered with matters rejected by volcanos. These 
two islands, when first discovered, were uninha- 
bited. 


In Guiana, our author remarks, the rivers are 
so near each other, and at the same time so 
swelled and rapid during the rainy season, that 
they carry down immense quantities of mud, and 
deposit them on all the low grounds, and on the 
bottom of the sea. The cohsts of French Guiana 
arc so low, that they may rather be regardi'd as 
beaches totally covered with mud, and having an 
almost imperceptible declivity. This mud ex- 
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tends to a great distance at the bottom of the 
sea. Large vessels cannot approach the river 
Cayenne without striking; and ships of war are 
obliged to remain two or three leagues from the 
land. This mud extends along the whole margin 
of the sea from Cayenne to the river of the Ama- 
zons. In this great extent ol’ mud there is no 
sand, and berry-bearing alders are frequent all 
along the coast. But seven or eight leagues 
above Cayenne, westward as far as the river 
Maronv, we find some creeks, the bottoms of 
whicli consist of sand and rocks, which give 
rise to breakers. The mud, however, covers the 
greater part of these rocks, as w-ell as the beds of 
sand; and it is thicker in proportion as it recedes 
from the margin of the sea. These small rocks 
prevent not the ground from having a very gentle 
descent for several leagues on land. This j>art of 
Guiana, to the north-west of Cayenne, is more 
elevated than the lands to the .south-east. Of this 
fact wc have good evidence ; for .all along the bor- 
ders of the sea we find large drowned savannahs, 
most of whicli are dry in the north-west, whilst 
they arc totall}’- covered with sea water in the 
south-east parts. Beside these lands actually 
drowned by the sea, there are otliers more distant, 
which have likewise been formerly drowned. In 
some places we also find savannahs of fresh 
water ; but they produce nd alders, but many 
palm trees. On all these low coasts, not a sttnie 
is to be seen. The tide rises seven or eight fe<-l, 
tliougli it is opposed by the currents; for they 
arc all Jv.rted toward the Antilles. When the 
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waters of the rivers are low, the tide is very per- 
ceptible, as his^h up the rivers as forty, and even 
fifty leagues. But, during the rainy season, when 
the rivers are swelled, the tide is scarcely percep- 
tible at the distance of a league or two, so great is 
the rapidity of the waters ; and their impetuosity 
is greatest during the reflux. 

Upon the sandy bottoms of these creeks, the 
s';a turtles deposit their eggs ; and they never 
frequent the muddy places; so that, from Ca- 
yenne to the river of the A mazons, there are no 
turtles; and the people go to fish them from the 
river Courou to the Marony. The mud ap- 
pears to gain ground daily on the sand ; and, in 
the progress of time, the north-west coast of 
Cayenne will be covered W'ith it as well as the 
south-east; for the turtles, who will deposit their 
eggs in sand only, gradually retire from the 
river Courou ; and, for some years j»ast, the 
fishers are obliged to. search for them near the 
river Marony, the sands of which are not yet 
covered. 

Beyond the savannahs, some of which are dry 
and others drowned, there is a chain of hills that 
are all covered with a great depth of earth, and 
every where planted with forests. These hills arc 
' generally from 350 to 400 I'eet high. But, about 
ten or twelve leagues farther up the country, 
they are perhaps double this height. Most of 
these mountams are evidently extinguished vol- 
canos'. At -tile top of o.-ie of them, called La 
Gabriflle, there i^ a small lake, in which are 
a number of alligaiors, whose' species seems to 
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have been preserved from .the time that the sea 
covered this hill. 

Beyond Mount Gabrielle, we find only small 
valleys, little hills, and volcanic matters, not in 
large masses, but in small blocks. The most 
common stone, blocks of which are carried down 
by the waters as far as Cayenne, is that called 
beetle-stone. It is not a stone, but the lava of a 
volcano. It has received the name of beetle- 
stone, because it is full of holes, which these in- 
sects inhabit. 


Of the Glaciers. 

In the highest regions of the Alps, the waters 
which proceed from tlie annual meltings of the 
snow, freeze in every direction, and on all the 
points of the mountains from their bases to their 
summits, and especially in the valleys, and on 
the declivities of those that are collected to- 
gether in groups: in this manner, the waters 
have formed in these valleys some mountains 
which have rocks for their nucleus, and others 
that consist entirely of ice : these mountains 
are six, seven, and oven eight leagues long 
one in breadtli, and often from 1,U00, to 1,200 
fathoms high. These enormous musses of ice 
are continually extending farther along the val- 
leys ; tor though, in warm and rainy seasons, 
tlieir progress is not only stopped^ but their size 
diminished, the magnitude of the glaciers is per- 
petually augmenting. 
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Under the equator, 4;he point of congelation, 
in detached mountains, is fixed at the heigW of 
2,440 fathoms. But this is no rule for groups 
of mountains which arc frozen from their sum- 
mits to their base, and never thaw. In the Alps, 
the point of congelation in detached mountains is 
ascertained to be at the height of 1,600 fathoms, 
and all below this point thaws completely. But 
those which are grouped together freeze at a 
smaller height, and thaw from their toji to their 
base j which shows how much the degree of cold 
is augmented by immense masses of congealed 
matter confined within a narrow compass. 

The whole frozen mountains of Switzerland, 
when taken together, occupy an extent of sixty- 
six leagues from cast to west, measured in a 
straight line from the western boiilers of the can- 
ton of Vallis towards Savoy, to the eastern bor- 
ders of the canton of Bcndncr towards Tyrol. 
'I’liey form an interrupted chain, several arms of 
which extend, from north to south, about thirty- 
six leagues. The great Got hard, the Fourk, and 
the Griinsel, arc the highest mountains in this 
quarter; they occupy the centre of those chains 
which divide Switzedand into two parts. They 
ape perpetually covered with snow and ice ; from 
which circumstance they have received the gene- 
ral denomination of gladers. 

The glaciers are divided into frozen mountains, 
valleys of ice, fields of ice, or frozen seas, and 
gletcfiers, or heaps of icy flakes or plates. 

The frozen mountains are those immense 
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masses of rocks which reach the clouds, and are 
perpetually covered with ice and snow. 

The valleys of ice are those depressions be- 
tween the mountains vviiich are much more ele- 
vated than the inhabited valleys. They are always 
filled with snow, wliich accumulates, and forms 
masses of ice several leagues in length. These 
masses join the high mountains. 

The fields of ice, or frozen seas, which lie 
along the mountains, have a gentle declivity. 
They cannot bo called valleys, because they are 
not sufliciently depressed. They are covered 
with a great thickness of snow. These fields 
receive water from the melting of the snow, wdiich 
descends from the mountains, and afterwards 
freezes. The surfiice of these fields alternately 
melts and freez(?s; and the whole are covered 
with thick beds of snow and ice. 

The gletchci-s are heaps of flakes or plates of 
ice formctl by the snows, and precipitated from 
the mountains. 'I'hese snows freeze again, and 
are interwoven in various manners : this cirenm- 
slance has given rise to the division of gletchers 
into mounts, mantiings, and walls of ice. 

The mounts of ice rise between the summits of 
the high mountains : they themselves form moun- 
tains; but they contain no rocks. They are 
eompusetl entirely of ice, and ^re sometimes seve- 
ral leagues in lengtli,,one league broad, and half 
a league thick. 

The mantiings are formed in the sujiorior val- 
leys, and upon the sides of the mountains, which 
are covered with ice, having folds resembling 
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drapery : they send their superfluous waters into 
the lower valleys. 

The walls of ice are rugged mautlings, which 
terminate the flat valleys, and appear, at a di^ 
stance, like troubled seas, whose »vaves have been 
suddenly arrested and frozen. These Walls con- 
sist not of irregular points : they often form co- 
lumns, pyramids, and enormous towers composed 
of several sides. These towers are sometimes 
hexagonal, and of a blue or greenish colour. 

On the sides, and at the foot of the inoiintains, 
masses of snow are formed, which are afterwards 
moistened with the water from the melted snows, 
and then covered with fresh accumulations. We 
likewise see plates of ice collected in heaps, 
which belong neither to the frozen valleys nor the 
mountains of ice. Their position is either hori- 
zontal or inclined. These detached heaps arc 
called beds or strata of ice. 

Several of these mountains of ice are under- 
mined by the interior heat of the earth, which 
gives rise to currents of water that melts their 
inferior surfaces. They then, by their own 
weight, sink insensibly, and their height is re- 
stored by the waters, snow, and ice, which 
again succes.sively cover them. These sinkings 
often produce horrible crashings. The crevices 
, which open in the ice form precipices which 
are both numerous- and full of danger. These 
abysses are the more treacherous and baneful, 
because they are generally covered with snow. 
Travellers, and hunters who chase the fallow 
deer, the chamois goat, &c., or those who search 
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for crystals, are oftra swallowed up by these 
gulfs, and again tlirown upon the surface by the 
AvaterS. which run at their bottoms. 

Gentle rain quickly dissolves snows : but all 
the water which proceeds from them falls not 
into these -gulls. A great part of it freezes on 
' tlie surface of the ice, and augments its volume. 

The warm south winds, which generally pre- 
vail in the month of May, are the most power- 
ful agents in destroying the snows and ice. 
Their melting is announced by the crashing of 
the frozen lakes, and the dreadful noise produced 
by the shock of stones and ice, which in hor- 
rible confusion roll down from the tops of the 
mountains, and by torrents of water that fall from 
the rocks of more than 1,200 feet high. 

Tiie heat of the sun has little cifect upon the 
snow and ice. Experience has proved, that ice 
which has existed a long time under an enormous 
weight, and in accumulated degrees of cold, is so 
dense, and so completely deprived of air, that, 
when small pieces of it arc exposed to the greatest 
heat of the sun, during a whole day, they scarcely 
melt. 

Though the glaciers melt partially every sum- 
mer, though the winds and the heat of certain 
years destroy the accumulation of several pre- 
ceding years; yet it is certain that these glaciers 
comtantly augment in all their diTnensions. 

This fact is . ascertained by the annals of the 
country, by authentic deeds, and by invariable 
tradition. Independent of these authorities and 
of daily observation, the progressive increase 
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of the glaciers is proved forests qf trees tofUch 
have been absorbed by the ice, some of tohq^ tops 
still appear above the surf ate qf the ^Ockrs: 
these, as well as the tops of steeples belonging to a 
village that had been buried under the snows, 
and which are still visible after uncommon melt- 
ings, are irrefragable evidences of the gradual 
progress of the glaciers. This progression can 
proceed from no other cause than an augmenta- 
tion in the degree of cold, which increases in 
proportion to the masses of accumulated ice. It 
is likewise certain, that, in the glaciers of Swit- 
zerland, the cold is at' present more intense, 
though it continues shorter than in Iceland, the 
glaciers of which, as well as those of Norway, 
have a great relation to those of Switzerland. 

The substance of the frozen mountains of 
Switzerland is similar to that of all other high 
mountains. The nucleus is a vitreops rock, 
which reaches to their summit. The parts be- 
low, which had been covered with the ocean, 
are composed of calcarious stone, as well as the 
whole substance of the mountains of an inferior 
order, which are disposed in groups at the foot of 
the primitive glacier mountains. Lastly, these 
^calcarious niasseib have slate, produced by the 
sediments of the waters, for their basis. 

The ‘vitreous masses are pure rock, granite, 
and quartz. Their fissures are filled with metals, 
semi-metals, mineral substances, and crystals. 

The calcarious masses are lime-stone, marbles 
of every species, chalk, gypsum, spar, alabas- 
ter, &c. 
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The slaty masses . consist of slates of various 
i^Ualtti0s and colours* which contain plants and 
iisheir^‘‘and are often ' '^situated at cbnsideraide 
heights; Their strata are not always horiaon> 
tal. They are often inclined, sometimes rinu-^ 
atcd, and in particular places perpendicular. 

We cannot entertain a doubt concerning the 
ancient abode of the sea upon the glacier moun- 
tains. The immense quantity of shells, as well as 
the slate and other similar stones, found in these 
mountains* fully ascertain this point. These 
shells are either distributed in tribes, or different 
species are blended together, and they are found 
at very great heights. 

It is probable, that, at a very remote period* 
the glaciers had not been formed on these moun- 
tains, not even when the ocean abandoned 
them ; though it appears, by their great distance 
from the sea, which is near a hundred leagues, 
and by their excessive height, that they were the 
first that arose above the water in the conti- 
nent of Europe. They have likewise had their 
volcanos. Mount Myssenberg, in the canton 
of Schwitz, seems to have been the last volcano 
that w:is extinguished. The two principal sum- 
mits, which are very high and detached, termi- 
nate in cones, like all the mouths of volcanos ; and 
we still see the crater of one of these cones, which 
is very deep. 

M. Bourrit, who had the courage to make a 
number of expeditions in the glaciers of Savoy, 
remarks, ** that the increase of all the glaciers in 
the Alps is unquestionable ; that the quantity 

X 2 
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of snow that falls during the winters far sur^ 
passes that which melts in the summers; 'that 
the same cause not only subsists, but the masses 
of snow already formed must always augment, 
because this effect is a necessary, result of that 
cause. Hence the glaciers must always continue 
to have a progressive increase*.” 

The same indefatigable, observer, when treat* 
ing of the glatchers or glaciers with prominent 
points, says, that they appear to augment 
daily; that the ground they now occupy was 
some years ago a cultivated field ; and that the 
ice still continues to augment f .” He relates, 
that the growth of the ice is evident, not only 
in this place, but in several others; that the 
inhabitants remembered a former commnni* 
cation between Cbamounis and Val’d’Aost, 
which is now totally shut up by the ice ; that 
the ice, in general, must have first accumulated 
by stretching from summit to summit, and then 
from one valley to another; and that, in this 
manner, a communication has been formed 
between the ice of Mount Blanc and those of 
the other mountains of Vallais and of Swit- 
serland^. It appears,” says he, “ that all 
these mountainous countries were not anciently 
so much filled with ice and snow as they are 
At pr^nt. .... It is only a few centuries 
since various calamities ^ have been occasioned 

* Deccript. des Glaciers de Savoie, par M. Bourrit, p. 1 1 1, 

fl2. 

Descript, des Aspects da Mont Blanc, par le mime, p. 8. 
t Ibid, p. IS et 14. 
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hy the accumulation of snows and* ice in se* 
vend valleys, and by the precipitation of 
mountains and rocks. It is only fi^m these 
accidents, which are veiy frequent, and from 
the annual accumulations of the ice, that we 
are enabled to account for what histoiy relates 
concerning the ancient inhabitants of this coun- 
try V’ 


Of the North-East Passage. 

Notwithstanding what has been advanced by 
the Russians, it is extremely doubtful .that they 
ever doubled the northern point of Asia. M. 
Engel, who regards the north-west passage by 
Hudson’s and Baffin’s Bay as impossible, ap- 
pears, on the coutraiy, to be persuaded, that a 
shorter and more certain passage will be found 
by the north-east. To the feeble reasons he 
gives in support of this opinion, he adds a re- 
mark of M. Gmelin, who, when speaking of 
the experiments made by the Russians, in order 
to discover this north-east passage, says, « that 
the manner in which they proceeded in making 
these discoveries will astonish the whole world, 
after an authentic relation of them shall be made 
public, which depends solely on the pleasure of 
the empress.”——** There can be nothing asto- 
nishing,” says M. Engel, *' in this subject, ex- 
cept it be to. learn that a passage, which was fbr- 

* Descript, des Aspects du Mont Bia.nc, par M. Bonrrit. 

p. 62 et 63. 
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inerly regarded as impossible, is now Ibiind to bt? 
extremely practicable. This is the only fact,’* 
he adds, ** which can surprise those whom the 
Russians have endeavoured to terrify by relations 
published for the purpose of repelling navigatoi's 
from the attempt &c. 

I shall, in the first place, remark, that we 
ought to be well ascertained with regard to 
facts, before we throw an imputation of this 
kind upon the Russian empire. In the secoiiil 
place, the remark seems to be ill founded ; for 
the words employed by Gmelin may admit 
of an opposite interpretation from that given of 
them by M. Engel ; namely, “ that we will be 
astonished when we shall learn that no practica- 
ble passage exists by the north-cast.” Indepen- 
dent of the general reasons I have given, I am 
confirmed in this opinion by the following- cir- 
cumstance: the Russians themselves, in their 
late experiments, uniformly ascend by Kamt- 
schatka, and never descend by the point of Asia. 
Captains Bering and Tschirikow, in the year 
1741, reconnoitred the coast of America as far 
as the fifty-ninth degree; but neither of them 
sailed northward along the coasts of Asia. This 
-fact is a sufficient proof, that the passage is not 
so practicable as M. Engel supposes ; or, rather, 
that the Russians are satisfied that it is not prac- 
ticable ; for, if otherwise,, their navigators would 
have been sent by this route, instead of making 
tliem take their departure from Kamtsebatka, 
in order to discover the west of America. 


* Mist. Gen. des Voyages, tom. xix. p. 41-3. 
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M. Muller, who was seat by the empress 
along with M. Gmclin to Siberia, is of a very 
different opinion from M. Engel. After com- 
paring all the relations on this subject, M. Mul- 
ler concludes by remarking, that there is only a 
very small separation between Asia and America j 
and that this strait contains several islands, 
which serve as common stations to the inhabit- 
ants of both continents. This opinion, I believe, 
is well founded; and, in support of it, M. 
Muller has collected a great number of facts. 
In the subterraneous, abodes of the inhabitants 
of the island of Caraga, we see beams made of 
large pines, which neither this island nor the 
adjacent countries of Kamtschatka produce. 
The inhabitants say, that this wood is driven 
upon their coasts by the east wind. On the 
coasts of Kamtschatka, masses of ice are driven 
for several days together during the winter. 
At certain seasor.s, flights of birds arrive, and, 
after staying some months, return to the east, 
from whence they came. Hence tlie conti- 
nent opposite to that of Asia, toward the 
north, descends as far as Kamtschatka. This 
continent must be the west of America. M. 
Muller *, after giving an abridgement of five or 
six voyages attempted by the North Sea, with a 
view to double the north ppiht of Asia, con- 
cludes, that every circumstance announces the 
-impossibility of this navigation, whicii ho 
iwoves by the Ibllowiug arguments: this na- 


Hist. Gen. des Voyage.s, torn, xviii. p. 4*81. 
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vigation must be performed in summer: ;tlie 
distance from Archangel to the Oby, and irom 
this river to Jenissy, requires a whole 'season. 
Tlie passage by Waygait has cost infinite labour 
to the British and Dutch. In going through 
this icy strait, we meet with islands which block 
up the road; and the continent, which forms 
a cape between the rivers P.iasida and Chatanga, 
and advances beyond the seventy-sixth degree 
of latitude, is likewise bordered with a chain of 
islands, which scarcely leave a passage for na- 
vigation. If we want to remove from the coasts, 
and to reach the open sea toward the pole, the 
almost immoveable mountains of ice found at 
Greenland and Spitzbergen, seem to indicate 
a continuity of ice as far as the pole. If we want 
to go along the coasts, this navigation is more 
difficult now than it was a hundred years ago. 
There the waters of the ocean are sensibly di- 
minished: we still see, at a distance from the 
shoals, along the Frozen Sea, wood that had been 
thrown upon the lands which formerly bounded 
the ocean. These shoals have so little depth, 
that very flat boats can alone be used in them : 
such boats are too weak to resist the ice ; neither 
can they contain provisions sufficient for a long 
navigation. Though the Kussiaiis have resources 
for sailing these fjold seas superior to those of 
roost other European nations, yet in none of the 
voyages attempted upon the Frozen Sea has a 
passage been discovered Wtween Europe or Asia 
to America. It is only by departing from Kamt- 
sebatka, or some other more easterly point of 
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Asia, that the westerly coasts of America have 
ever been discovered. 

Captain Bering took his departure from Port 
Awatscfaa in Kamtscbatka, on the 4th day of 
June, 1741. After bailing south-east, and then 
north-east, he discovered, on the 18th of July, 
the continent of America in latitude 28'. 
Two days after, he, anchored near an island in 
the mouth of a bay, from whence he discovered 
two capes, the one to the east he called Saint 
die, and the other to the west Saint Hermogene. 
He then dispatched Chitrou, one of his officers, 
to reconnoitre the gulf which he had entered : 
they found that it was interspersed with islands, 
on one of which they saw deserted cabins made 
of planks well joined, and even chamfered. 
They conjectured that this island might have 
been inhabited by some people from the conti- 
nent of America. M. Steller, who was sent to 
make observations on these new discovered lands, 
found a cave, in which were a quantity of smoked 
salmon, ropes, furniture, and other utensils. Ad- 
vancing still farther, he saw the Americans 
flying from him. He next perceived a fire on 
a distant hill. The savages had unquestionably 
retired thither : a rugged and steep rock covered 
their retreat*. 

After relating these facts, it is easy to perceive, 
that it is only by taking their departure from 
Kamtscbatka that the Russians can carry on com- 
merce- with China and Japan, and that it is 

* Hist. Geil. des Voyages, toni. xix, p. 37 h 
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equally difiicalt, if 'not impossible, for the other 
nations oftEurope to pass by the north-east seas, 
the greater part of which are entirely frozen. 
Hence 1 cannot hesitate in repeating, that the 
only possible passage is by the north-west, at the 
l>ottom of Hudson’s Bayj and that this is the 
place where all future attempts to discover this 
useful passage ought to be rpade. 

Aft<;r the preceding sheets had been printed, 
I received from M. le comte Sehouvalotf, that 
great statesman, whom all Europe esteems and 
respects, an excelle/it memoir comj>osc'd by M. 
de Domaschencif, president of the Imperial So- 
ciety of Petersburg, siiid to whom the empress 
•has assigned the department of every thing re- 
lating to arts and sciences. I'his illustrious per- 
son has likewise sent me a copy of the chart 
drawn by the pilot Otcheredin, in which arc 
represented the tracks and discoveries he made 
in the years 1770 and 1773, between Kamt- 
schatka and the continent of America. M. de 
Doniascbcneff, in his iqemoir, remarks, that 
this chart of the pilot Otcheredin is most exact, 
and that the one published in the year 1773 by 
the Academy of Petersburg, requires several 
Amendments, especially with regard to the posi- 
tion of the inlands and the pretended Archipelago, 
which are represented between the Aleutcs or 
Alcoutes islands, and those of Anarlir, otherwise 
called Andrien. The chart of Otcheredin seems 
to show, that these two groups of islands, the 
Aleutcs and the islands of Andrien, are separated 
by an open sea of more than 100 leagues broad. 
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M. de DomascheneiT assures us, that the great 
general chart of the Russian empire, published 
in the year 1777, gives an accurate representa- 
tion of all the coasts on the northern extremity 
of' Asia inhabited by the Tschutschis: he says, 
that this chart was executed from the most re- 
cent discoveries made in the last expedition of 
M£yor Pawiuski against that people. ” This 
coast,” says M. de DomaschenelF, “ bounds the 
great chain of mountains which separate Siberia 
from the south of Asia, aud terminates by divid- 
ing itself between the,chain that stretches through 
Kamtschaika and those which occupy the terri- 
tories between the rivers that run to the east of 
the Lena. The known islands between the coasts 
of Kamtschatka and those of America are 
mountainous, as well as the coasts of Kamt- 
schatka and those of the continent of America. 
Hence there is a distinct continuation between 
the chains of mountains belonging to both con- 
tinents, the intervals of which, perhaps less con- 
siderable formerly, may have been enlarged by 
the decaying of rocks, by the perpetual currents 
which run fiom the Frozen Sea toward the South- 
ern Ocean, and by the revolutions which the 
earth has undergone.” 

But this sub-marine Chain, which joins the 
lands of Kamtschatka to those of America, is 
more southerly, by^seven or eight degrees, than 
that of the islands of AnadhiNjr Aiidrieii, which, 
from tin'.e itinnemorial, has served the Tschuts- 
chis as a passage to America. 

Accoiding to M. de Doinaschcnefl', it is cer- 
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tain, that this voyage, frcHn the point of Asia to 
the contin^t of America,’ is performed by oars* 
and that tli^e pmple ^ there to-, dispose of 
Russian iron works to the Aiinertcansi that the 
islands in this passage are so iieqnmit, that> the 
sailors may slee^ evety night on land; and that 
the continent of America, with which the Tsohnts- 
chis traffick, is monntainons, and covered with 
forests, which are full of foxes, martins, and 
sables, the qualities and colours of whose furs are 
totally different from those of Siberia. These 
northern islands, situated between the two con- 
tinents, arc known to the Tschutschis only. They 
form a chain between the most eastern point of 
Asia and the continent of America, under the 
sixty-fourth degree of latitude; andthiscbain isdi- 
vided by an open sea, from the other more south- 
ern chain formerly mentioned, which lies between 
Kamtschatka and America, and is under the 
fifly-sixth degree. The islands of this second 
chain the Russians and inhabitants of Kamt* 
sebatka frequent in quest of sea otters, and black 
foxes, whose furs are very precious. Before 
the year 1750, even the most eastern of the 
islands which compose this chain were known. 

' One of these islands bears the name of captain 
Bering, and another, adjacent to the former, is 
called the island of Medenoi. We next meet 
with the islands of Aleutes or Aleoutes. The 
two first are sitnatuA: a little above, and the last' 
a little below the fifty-fifth degree of latitude. 
About the fifty-sixth degree, we find the islands 
of Atkhou and Amlaigh, which are the first of 
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the cliain called the islands of Foxes: ^ey ex> 
tend as far to tbe^ north-east as tte MXty-first 
degree, of latitude;; These islands fiSre 'received 
t^f-denominatidn from the prodigious number 
of foXes found in them. The two islands of cap- 
tain Bering and Medenoi were uninhabited when' 
first' discovered. But, in the islands of Aleutes, 
though advanced farther to the east, more than 
sixty families were found, whose language had 
no relation either to that of Kamtschatka or to 
any of the oriental languages of Asia: it is a di- 
alogue of the language spoken in the other islands 
adjacent to America, which seems to indicate 
that they have been peopled by the Americans, 
and not by the Asiatics. 

The islands called by captain Bering’s crew 
Saint Julian, Saint Theodor, and Saint Abra- 
ham, are the same with those which now receive 
the name of Aleutes. In the same manner, the 
islands of Chommaghin and Saint Dolniat, dis* 
covered by this navigator, form a part of those 
now called the islands of Foxes. 

“ 'J’he great distance,” says M. de Domasche- 
neff, and the open and deep sea between the 
islands of Aleutes and those of Foxes, joined 
to the different direction of the latter, render it 
probable, that these islands never formed one con- 
tinued chain, but that the former, with those of 
Medenoi and Bering, make a chain which comes 
'from Kamtschatka}' that the islands of Foxes 
exhibit another passage to America} and that'’ 
both of tiiese chains generally lost themselves in 
the depth of the ocean, and are promontories to 
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the two continents. The course of the islands 
of Foxes, some of which are of great extent, is 
intermixed with rocks and breakers, and con- 
tinues without interruption as far as the continent 
of America. But those most adjacent, to this 
continent are very little frequented by the Rus- 
sian hunters; because they are very populous, 
and it would be dangerous to sojourn in them. 
There are several islands in the neighbourhood 
of America which are still little know'n. Some 
ships, however, have penetrated as far as the island 
of Kadjack, which is very near the continent of 
America. We are assured of this fact by the 
relation of the islanders; and other circumstances 
confirm the truth of their assertion ; all the islands 
that lie more to the west, produce only dwarfish 
and misshapen shrubs, which the winds from the 
open sea prevent from rising higiier. I'lie island 
of Kadjack, on the contrary, and the small ad- 
jacent islands, produce groves of aider trees, 
which seem to indicate that they are less exposed, 
and that they are sheltered on the, north and east 
by a neighbouring continent. Besides, in Kad- 
jack, we find fresh water otters, which appear 
not in the olher islands; and wc likewise find 
a*small species of marmot, which seems to be 
the marmot of Canada. Lastly, we discover, 
in that island, traces of the bear and wolf; 
and the inhabitants clothe themselves with 
rein-deer’s skins, brought ' to them from the 
continent of America, to which' they lie very 
contiguous. 

“ JFrom a voyage to the island of Kadjack, con- 
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dncted by one Geottof, we learn, that the con- 
tinent of America is called Atakthan by the 
islanders : they say, that this great lahd is moun- 
tainous and covered with forests; that it is situ- 
ated to the north of their island ; and that the 
mouth of a great river there goes by the name of 
Alaglischak. Besides, it is unquestionable, that 
Bering, as well as Tschirikow, actually reached 
this great continent; for, at Cape Elie, where 
Bering moored his frigate, they saw the coast rise 
into a chain of mountains winch were covered 
with thick forests. The soil was of a nature to- 
tally ditforent from that of Kumtschatka ; and 
Steller collected a number oi’ American plants.” 

AI. de Domasciicnelf farther observes, that all 
the islands of Foxes, as well as those of Aleutes 
and Bering, are mountainous ; that their coasts 
are rocky, often terminate in precipices, and 
are surrounded to a considerable distance with 
rocks ; that the country rises, from the coasts to 
the middle of these islands, into rugged moun- 
tains, wliich form small chains tiirough the wiiolc 
length of each island. Besides, tliere have been, 
and still are, volcanos in several of these islands ; 
and in tho.se where the volcanos are extin- 
guished, there are fountains of hot water. In 
the. islands with the volcanos, no metals arc 
found, but only calcedons, and some other co- 
loured stones of no value, fu these islands, the 
inhabitants have nd other wood but , what is 
floated in to them by the sea, ai)d the quantity is 
not great More wood arrives in the island of 
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Beno|;, .tl^e Aleutes. TJtiis .floated wood 
s^ms U>i.,fai)S\e from the south } tt\e camphor 
tree of Japan has (>een found on the coaci^ of 
these islands. 

The inhabitants are pretty numerous}, but, 
they lead a wandering life, and transport them- 
selves from one island to another, it is not possi- 
ble to ascertain their number. It has been re- 
marked, in general, that the larger the glands 
are, the nearer they are to America, and the more 
populous. It likewise appears, that all the inha- 
bitants of the islands of Foxes are of the same 
nation, to which those. of the Aleutes and the 
islands of Andrien may also be refci red, though 
they differ in some customs. All these people, 
in their manners, modes of living, and of feed- 
ing, have a great resemblance to the Esquimaux 
and the Greenlanders. Kanaghistt the name of 
these islanders in their own language, and per- 
haps corrupted by the mariners, has still a 
great affinity to Kaialit, the denomination of 
the Esquimaux and their brethren the Green- 
landers. Among the inhabitants of all the islands 
between Asia and America, no other utensils 
were found but stone hatchets, flint knives, and 
the shoulder hones of animals sharpened to cut 
herbage. They have likewi^>c darts armed with 
r sharp flints, and most artfully cut. They have 
now a great many implements of iron, which 
tiiey have obtained from the Russians. I'bey 
make canoes likeAhe Esquimaux ; some of them 
are so large that they contain twenty persons. . 
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lliejr are made of light wood, and are entirely 
covered with the skins of seals and edier sea 
animatSi 

From all these facts, it appears, that, fronS 
time immemorial, the Tschutschis, whd inhabit 
the eastern point of Asia between the fifty -fifth and 
seventieth degree of latitude, have bad commerce 
with the Americans ; that this intercourse was 
the more easy to a people accdstomed to all the 
rigours of cold; and that the voyage, which 
perhaps exceeds not a hundred leagues, might 
be performed in simple canoes, conducted by 
oars in summer, and probably on the ice in 
winter, by landing daily upon a different island. 
America, therefore, might be peopled by Asia 
under this parallel ; and every circumstance seems 
to indicate, that, though there are now inter* 
vals of sea between these islands, they for* 
merly constituted but one continent, by which 
America was joined to Asia. It is likewise 
probable, that, beyond the islands of Anadir or 
Andrien, t. e. between the seventieth and seventy- 
fifth degree of latitude, the two continents are 
absolutely united, though that track of land is 
perhaps entindy covered with snow and ice. To 
explore the regions beyond the seventieth degree 
is an enterprise worthy of the great sovereign of 
the Rnssias, and it ought to be entrusted to a na^ 
vigator equally intrepid as captain Phipps. 1 am 
perSnaded, that they would find the two conti- 
nents united; but, if otherwise, and if there 
is an open sea beyond' tlte islands of Andrien, 
it appears to be certain, that they womd find the 
VOL. II. Y 
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projections of' the great polar glacier at the 
eighty>fii8t or eighty-second dinned, as captain 
Phipps discovered them at the same latitude be* 
tween Spitabergen and Greenland. 


Cancemitig that Period when the Powers of Man 
aided those tf. Nature. 

The 6rst men were witnesses of the cdnnil* 
sire motions of the earth, which were then fre- 
quent and terrible. ' For a refuge against innn- 
dbtions, they had nothing but the mountains, 
which they Were often forced to abandon by the 
fire of volcanos. Ibey trembled on ground 
which trembled under their feet. Naked in 
mind as well as in body, exposed to the injuries 
of every element, victims to the rapacity of fe^ 
rocious animals, which they were unable to 
combat, penetrated with the common sentimeUt 
of terror, and pressed by necessity, th^ must 
have quickly associated, at first to protect them- 
selves by their numbers, and then to afibrd mu- 
tual aid to each other in forming habitations 
and weapons of defence. They begin with Uftarp* 
ening into the figure cX axes those ^ard fiints, 
those tkunder-sUmeSf which their descehdants 
imagined to have been produced by thiUidef, and 
to have fidlen from the. clonds, but 'WhU^, in 
dbality, are the first monuments of hunlan^artl 
They would soon extract fire from these fiitats'by 
stalking th(^ against each other. 

destifiy the brnthu^odd aud the' (bfests. 
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they would employ the flames derfVed frcMH vol- 
caaoSf or from their bumiU|^ Iavuk}^flif> with 
the atefstaoce hf this powerful deinelft, they 
cleared and purified the grounds which th^^ 
chose to inhabit. With the tikes of stonh, they 
cut trees, and fabricated those weapohS and uten* 
sils of Which hecesiiity first sdggested the use; 
and, after being provided With clubs and other 
heavy armour, wOuld not these first men dis- 
cover the means of making lighter weaponl to 
annoy at a distance? The tehdon an ani- 
mal, the fibres of al^es, or the h^iant bade 
of some ligneous plant, would serve them for 
a Cord to unite the extremities Of an dhstic 
branch; with which they made theit Ibowt 
to arm their arrows, they employed smalt 
shatp flints. In a short time they would have 
tbtead; tails, and canoes; and in this state 
tbOy Would remain till little nations Were formed. 
Iheae nations Were composed of a few &mi- 
lieSk or rather of the descendants of the saiiie 
tantiily, which is still the condition of those sa^ 
who live independent in siich open and spa- 
cious territories as aflbrd them game, fishes^ 
and fHiHs. BUt, in territories Which are nar* 
rowed by Waters, or confined by high moun- 
tainSi ih^ small hatioUs, after a great ihcrdase 
‘ Of popntbtlon, were obliged tb divide the lahd 
amodg themselves*; and, ftom this moment, 
the'emth became the inheritance of man. He 
tqcAt pOMeadon of it by his labour and cultiva- 
tion; and the attachment to a natige soil fol> 
lowed tapidl^ the ditt acts Of property. As indt- 
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viduvl inters comtitutes « part of natioR|| of^ 
dor, gownunent and lanra iDUrt bavo sacce^e^ 
and socirtyfp^nstbaveaHumed strength and cor* 
Mstenci* 

Neverthdats* these inen, deeply ^ffi^cted with 
the miserica of their ori^nsl state* and having 
still before their eyes the ravages of inuodntiooa, 
the eonflegrations of vdca^* and gul& opened 
by the snceossions of the earth* have preserved 
a durably and almost eternal remembrance 
of the calamities the world has suffered. The 
ide«> that it must perish by an universal de* 
luge* or by a general cbndagratioo } the reve- 
rence for certiun mountains* upon which they 
had been saved from inundations; their horror 
at others* which threw out fires more dreadful 
than those of thunder ; the view of those com- 
bats between the earth and heavens* which gave 
rise to the fable of the Tifaiu, and, of their as- 
saults against the gods ; the notion of the real 
existence of a malevolent being* with the terror 
and superstition which it unavoidably produced : 
all these sentiments* founded upon fear* took 
an unconquerable possession of the human mind. 
Even at present* men are not entirely emanci- 
pated from these snpeirtitiotts terrors by tbe>eiR- 
perimioe of time* by the tranquillity which sne* 
ceeded those agsa ot oonvubkms and sltwimii nor 
by the knowledge of the eflBsctf upd opeimtioiBS of 
Nature* a knowledge whicb oon14^(n l^oacqiiifcd 
till after the esiabiisbment of sogia graqt society 
in a tranquil land. 

It is neither in Africa nor lo.tte mtpt south- 
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era N^bnsof AslA; that ^nSRt societies or nations 
could be first forined. These oottnfries were 
still burning and desert. Neither coifid thM 
event happen in America, which, except its 
chain of motantains, is evidently a new country ; 
nor even in Europe, Nhicb veiy lately derived 
its learning from the East, where the first civt- 
lined men were established | for, before the foun* 
dation of Rome, the happiest countries in this 
part of the world, such as Italy, France, and Oer* 
many, were then peopled with men more than half 
savage. Tacitus, in h|s Manners of the Ger- 
mans, exhibits a picture of those of the Hutons, 
or rather of men just emerging iirom a state of 
nature. Hence tiie source of human knowledge 
roust have arisen in the northern countries of 
Asia ; and pou'er is a necessary result of know* 
ledge. The more man knows, the more he can 
perform ; and the less he has done, the less he 
knows. All this implies an active peo|)le in a 
happy climate, living under a pure sky and in 
a fertile country, remote from inundations and 
volcanos ; it' must also have been a high coun- 
try, anid, of course, more anciently temperate 
than the more southern regions. Now, all these 
conditions, all these cijpeumstances, are united in 
the Ctfhtre of Asia, from the fortieth to the fifty- 
fifth dj!|lfee of latitude. The riyers which run 
into the Nbrth Sea, into, the Eastern Ocean, and 
intc tHu'Sotfth and Caspian Seas, fake their rise 
from this ^evatbfi region. Which at'^present com- 
poses the southern part of Siberia and of Tartaiy. 

It 'Is^ ih^jlrefor^ m this country, which is mote 
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elevated than all the others* rinee it serves them 
as a coitte* and is Rear 500 leagues ftoiR any 
ocean ; it is in this privileged country that the 
first people vorthy of notice were produced ; and 
they merit our esteem as the inventors of arts* 
sciences* and every nsefnl institution. This 
trqth is equally evident |h>m the monuments of 
natural histoiy* and from the almost inconceiva- 
ble progress of astronomy. ‘^How oonld men so 
new invent the Innisolar period of BOO years ? 1 

confine myself to this single fact* though many 
others* equally wonderful and permanent* .might 
be produced. These people* therefore, knew as 
much of astronomy as was known in the days of 
Cassini, who first demonstrated the reality and 
exactness of this period of 600 years ; a know- 
ledge of which the Chaldeans, Egyptians* and 
Greeks, were perfectly ignorant; a knowledge 
which presupposes that of the exact movcmrats 
of the qi^h and moon, and rexj^uires g^t peffim- 
tion in me instruments necessary to make obser- 
vations; a knowledge which, as it implies the 
acquisition of every thing derived from a long 
succession of astronomical study and research, 
mus| have required at least two or three thmmind 
years' exertion of thp mind. 

1'hese first peqple* because they had beonme 
very learned, must have been proportonally 
happy. They must have ei^pyed mniy ages of 
peace and leisure* which are necenlaiy foa 4he 
cultivation of science, before they pould enter- 
tain a susptcim) concerning the period of 60Q 
years* at least 1,900 years of astrhnonicnl dbser- 
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vatipiuii requisites, wAf to ascertain the hurt, 
more than, doable that number of were ne- 

Ofssaiy. Thus we have already about djC^OO 
years employed in aetronomical studies; neither 
should this circumstance surprise us; f<M‘,inredc« 
oning from the Chaldean astronomers toibe pre- 
sent day, aq equal time has been employed in 
discovering this period of 600 years. Brides, 
these d^OOO years of astronomical observations 
must necessarily have been preceded by many 
ages in which science was unknown. Nay, are 
6,000 years from the present time sufficient to 
discover the most noble epoch in the history of 
man, or even to trace his gradual progress in the 
arts and sciences ? 

But, unhappily, these sublime and beautiful 
sciences are lost; we can only recognise their 
past existence by deformed and imperfect frag- 
ments. The invention of the formula by which 
the Brahmins calculate eclipses, presupposes as 
much science as the construction of our epheme- 
rides; and yet these Brahmins have not the 
smallest idea of the structure of the universe. 
They possess only some false notions concerning 
the motion, magnitude, and position of the pjsi- 
nets. They calculate eclipses without knowing 
the ..theory of them. This operatioa, they are 
enahledr to perfcm by machines or tables 
founded, ,qp<m learned ffirmotts, which they do 
not, comprehend, and* which, probably, were not 
invented by tilieir ancestors ^ hconnse they have 
nevqr brought any tldos tq per^tjon, and |iave 
not traum»ttwi die smallest ray of science to 
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their descendants. In their hands, these for< 
mulse are only practical methods; but they im* 
ply profound knowledge, of which these people 
have not preserved the slightest vestige, and 
which, of coarse, they have never possessed. 
Hence these methods could only proceed from 
thRt ancient people, who had r^uced into fbr- 
mulsB the motion of the stars, and who, by a long 
coarse of observations, could not only predict 
eclipses, but, what is much more difficult, they 
recognised the period of 600 years, and, of course, 
were acquainted with all those astronomical facts 
which this discovery necessarily required. 

I may affirm, that the Brahmins never invented 
these formulae; because all their physical ideas 
are contraiy to tlie theory on which their for* 
mulsB depend. If they had comprehended this 
theory, even at the time they received Hs results, 
the science would have been preserved, and they 
would not, as they do at present, have enter- 
tained the most absurd and ignorant notions con- 
cerning the system of the universe ; for they be- 
lieve that the earth is immoveable, and is sup- 
ported by a mountain of gold ; that the moon is 
eclipsed by adriid dragons ; that the planets are 
smaller than the moon, &c. It is therefore evi- 
dent, that they never bad the 6rst elements pf as-, 
tronomical theory,' nor the smallest ' knowledge 
pf the principles upon which the methods they 
employ depe^*. 

* For a mors coaiplete view of this wbjert, t refer the 
reader to an excellent aeeoant of aScieSt astronomy Mely 
published by Bailly, whoso ideas perfectly eoincidf with mipe. 
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The Chini$se« who are a little more enlightened 
than the Brahmins, calculate 'eclipses in a very 
rude manner, and they have continued to calcu* 
late them in the same manner for 2,000 or 3,000 
years. As they bring nothing to perfection, 
they can never invent. Hence science neither 
originated in China nor in India. Though 
equally near as the Indians to the first learned 
people, the Chinese appear not to have derived 
any advantage from this favourable situation. 
They are not even possessed of those astrono- 
mical formulas of which the Brahmins ha\'e pre- 
served the use, and which constitute the first 
great monuments of the knowledge and happi- 
ness of man. Neither does it appear that the 
Chaldeans, Persians, Egyptians, or Greeks, re- 
ceived any advantage from this first enlightened 
race of men } for, in these Levant countries, the 
new astronomy must be ascribed to the indefati- 
gable assiduity of the Chaldean observers, and 
afti^wards to the labour of the Greeks, which 
can only be dated from the foundation of the 
Aleixandriun sPhool. This science, however, 
after the culture of 2,000 years, and even till 
these t«ru or three last oenturies, was veiy imp^ 
foot. ,|t seems, therefor^ to be certain, that these 
people,: who first invented, and for a long succes* 
skte rof a|;eB so happily cultivated astronomy, 
have lefo ootliing but some fragments, some re- 
sults of the science, which might be retained in 
the memory, such as that period of 600 

yeuin, which has been trausnuUed to us by Jo- 
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sephus, the Jewish historian, ,w|^i did not under- 
stand its value or import. . 

The loss of the sciences,, that first wound to 
humanity, inflicted by the sword of., barhairity, 
roust have been the eflect of sonoe ireful revp> 
lotion, which, in a few years perhaps, destroyed 
the labours and ingenuity of many ages; for 
tliose first powerful end learned peoj^e must have 
continued long in a state of splendor and prospe- 
rity, since they made so great progress in the 
sciences, and, of course, in all the arts which 
the study of them necessarily requires. But it is 
extremely probable, that, 'when the regiona to 
the north of this happy country bad become too 
cold, their inhabitants, still ignorant, ferocious, 
and barbarous, would pour in upon this rich and 
cultivated countiy. It is even astonishing, that 
these Inubarians should have been able to annihi- 
late not only the principles, but the remembrance 
of all science. Three thousand years of igno- 
rance, perhaps, followed the three tbroisand years 
of light and knowledge which bad preceded 
them. Of all these first and beautiful firmta^of 
the human genius, there now remains nothing 
but a metaphysical religion, which, being in- 
comprehensible, required no study, and could 
neither be altered nor lost, but by .n defect of 
'memory, which never fails when it is stru^ with 
the marvellous. 'From this first centre of the 
sciences, the same metaph;^8ical religion diffused 
itsdf over every, quarter of the.g)obe. .‘The. idols 
of Calicut are the same with .those c^^Sek^n- 
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skei. Pilgrliilicrfljg;^ to the gi!<eat Lama are under* 
takeu at the distance of. more than 9^»00Q leagues. 
The tdta''Of the metemp^Gbosi^ or transnii* 
gn^n' ' 9 f aeub; . oatepds still Either, and is 
adopted as an a;rticle:o£ laith by the Indians, the 
^tMoptanSv - and. the Atlantes. The same no* 
tions, a little disguised, were received by the 
Chinea^ Persians* Greeks, and Romans. Eveiy 
oircunistance concurs in proving, that the first 
comnimi sti^ of hupian knowledge arose in this 
mgion of Asia *', and that its barren or dege* 
nerated brandies extended into every part of the 
earth; ' 

The past ages d* barbarity are for ever buried 
in profonad darkness. Men were then so de* 
formed with igaorance, that human nature was 
hardly recognisable; for rudeness, followed by 
the noglectof doty, began to relax die bon^ of 
soeietyi which were afterwards tom asunder by 
barbwrity ; the laws were despised or proscribed; 
naanners degenerated into habits of ferocity; 
die love of society, though engraven on the hu- 
man-heart, was totally ef^med; in a word,, man, 
withent education, without morals, was reduced 
to kgd n solttary and salvage life,' and, instead 

' ’Phi Idmutl Itfi'PdlwMmatfca, that the cultivation, the 
.ana.sadlths toWsadiialy sSatteM tbraagh this region, we 
. Ijviag of ^eu ofDpim..or honniibmg aocfeiy, whon 

hfa^lore if nuricd with its citi^ te|nplcj^ uid armiv of which 
^rm^ rnfm are ^ify dug but the earths ^ate acat- 
th^|led|de.iOe thbmeaiheiii of a^gt«ttaafioii,Which'im'ao 
'bb44» di Pelhia ea Si^ie. 
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of the high dignity of his natai^t piresented the 
picture of a being degraded belovF the'Unt^ * ‘ 
Ho\Fever» after the loss of the Sciences, the 
useful arts to which they had givto birth were 
preserved. The cultivation of the earth, which 
became more necessary in proportion to' the in* 
crease of population ; all the arts and practices 
which this culture requires,. as well aaalltbo^ 
employed in the construction of buildings, m 
the fabrication of idols and arms, in the weaving 
of stuffs, &c., survived the sciences. These arts 
were gradually diffused and brought to perfec- 
tion: they followed the course of population. 
The ancient empire of China first arose, and, 
nearly at the same time, that of the Atlantes in 
Africa. The empires on the corfUnent of Asia, 
those of Egypt and /Ethiopia, were successivdy 
established, and, lastly, that of Rome, to which 
our Europe owes its civil existence. Hence, 
about 3,000 years only have elapsed since the 
power of man united with that of Nature, and 
spread over the greatest part of the earth. Be- 
fore this period, the treasures of fertility were 
buried. The other resources ■ of man, still 
more profoundly interred, could not dude his 
researches, but have become the reward of 
his labours. When he conducted himself with 
wisdom, he followed the lessons qf Nature j 
he derived advantage from^ her examples; he 
empbyed her mrans, and, from the immensity 
of her productions; selected all those objects fiWm 
which he could derive either utility or pleasure. 
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ij^^Ugew!e*.{the w^rej- ***dued, 

to^ perpetual By 

hif<^lahpuii, the.maifhes were <(raiqed» ^ rivers 
^erq retf^ipe^* 'And th^r cataracts effaced* the 
forests were, cleared* qnd the .earth cultivated. 

bis redecticn, times were computed* spaces 
were mea8ured*,,the celestial motions were recog> 
qiisedy combined, and represented* the heavens 
and the Al^rth were coinpared, the universe was 
augmented* and tb/e Creator worthily adored.^ 
|iy his art, which ia an emanation of science* 
the: seas have been traversed, and the mountains 
oj^ercome; nations 'have been united; a new 
WorU has. been discovered ; a thousand other 
detached lands have been reduced under, his 
dpQiinion* lastly, the whole face of the earth 
at* ^present mthibits the marks of his power* 
which, though subordinate to that of Nature* 
o%n exceeds* at least so wonderfully seconds 
her operations* that* by the wd of bis hands*, her 
whole extent is unfolded* and she has gradually 
arrived at that point of perfection and magnifi* 
cence in trhich we now behold her.. 

.Coinparc rude with cultivated Nature. Com> 
PA)i^ the. small savage nations of America with 
tbp8f|.,of bjor civilized people* or even with , those 
Qf..^ii^a*,,wh9- l^^lf cultivated. Con- 

teinplotc thcv condition of . the lands which 
t^i^se jiiatiohf inhabit, .and you.^will easily per- 
c^iv^.the .Insignibcahce of ipen who bare laade 
S4^.j^l^ jiinpresii>.ioh op their .'native; soil.. ,, 'Wher. 
tl^r.*l^^ .^upi^y ;Cr iodolenceb;, these brntish 
men, th^ unpolished nations* great or small* 
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gi\re no'support ta the earth i’^irstafVe^itliA 
out fertilizing her; tiiey debtor - el;^ thiitg^ 
and propagate nothing. The savage statey -Uovtnt 
ever,' is not the most despicable’ cn^ditionr df 
mankind, bat that of tliose nations Vho have 
just began to be polished, who bave*alarajrfr'heeft 
the real sconiges of human nature; ‘had whO; 
even at present, can hardly be restftdfied by the 
people who are completely civilized. They have, 
as formerly remarked, ravaged the first happy 
land. They have tom up the germs' of happi* 
ness, and destroyed the fruits of science. How 
many invasions have succeeded the first irrap> 
tions of barbarians? from these same northern 
regions, where every human virtue formerly ex- 
isted, all our evils afterwards proceeded. How 
often have we seen these irruptions of animals 
with human faces, who always come from the 
north, mvage the countries of the south ? Con- 
sult the annals of all nations, and you will find 
twenty ages of desolation for a few years of edsO 
and tranquillity. ' ' 

Nature required 600 ages to construct her 
great works, to temper the earth, to fashion its 
surface, and to arrive at repose : bow many 
, ages would men require before they ceased ^ to- 
disturb and destroy, each other ? When Will thky- 
learn, that the peaceable possession of their dWn 
country is sufficient for their happiness f 'Whan 
will ^ey be wise epough to give up their fidse; 
pretensions/' to renounce imaginary dofmiiidhii^^ 
and distant possessions, wbich> are often tnibottsif’ 
or^at lea^ c6st;morethan their vhiue? ‘>fl^e Sp»» 
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nish empire in Earope is as extensive as Hiat of 
France, and ten times larger in Ameriea : is it 
ten times more powerfal? Is it even as power- 
ful as if this bold and great nation were limited 
to derive from its own happy country all the 
benefits which it could furnish ? Have not the 
British, a people so sensible, and such profound 
thinkers, committed a' great error by extending 
too far the limits of their colonies ? The ancients 
appear to have had more correct ideas with re- 
gard to these establishments. They never pro- 
jected emigrations tilj their population was too 
great; and their territory and commerce were 
not sufficient to supply their wants. Have not 
the invasions of barbarians, which we look upon 
with horror, had causes still more pressing, when 
they found themselves too numerous in ungrate- . 
fill, cold, and naked countries, and at the same 
time surrounded with fertile and cultivated lands, 
which produced every article they required ? 
But, what quantities of blood,’ what calamities, 
what losses, have accompanied and- followed 
these direful conquests ^ 

We shall dwell no longer on the dismal spec- 
tacle of those revolutions of. death and devasta- 
tion, which are the genuiue effects of ignorance. 
Let os entertain the agreeable liopes, tliat the 
balance, though imperfect, which subsists be- 
tween' cultivated nations, wilf continue, atid be- 
come even more stable in ' proportion as men 
shall have 'better potions of their real interest; 
tbsA they .will -leam the value of {)eacemnd tran- 
qu^. happiness; tliat tlie acquisition of this ob|e6t 
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will be the chief aim of their ambitihn ; and 
that princes will disdain the false glory of con« 
querors, and despise the little restless vanity of 
those who excite them to such dreadful com- 
motions. 

Let us suppose the world in peace, and take 
a nearer prospect of the influence of man’s power 
over that of Nature. Nothing appears to be 
more difficult, not to say impossible, than to op- 
pose the successive cooling of the earthy and to 
warm the temperature of a climate; yet this 
feat man can and has performed. Paris and 
Quebec are nearly under the same degree of la- 
titude; Paris, therefore, would be as cold as 
Quebec, if France and the adjacent countries 
were as thinly inhabited, and as much covered 
with wood and water as the territories in the 
neighbourhood of Canada. Tiie draining, clear- 
ing, and peopling a. country, will give it a 
warmth which will continue for some thousand 
years ; and this fact will prevent the only rea- 
sonable objection which can be made against my 
opinion, that the earth is gradually cooling. 

According to your system, it may be said, 
the .whole earth must be cooler now than it 
was 2,000 years ago: but tradition proves the 
, contrary. France and Germany formerly pro- 
duced rein-deer, lynxes, bears, and other ani- 
mals, which have ^nce retired to more northerly 
regions. This progress is' very different from 
what you maintain, namely, from north to 
south. Besides, histoiy informs us,, that the 
river Seine was annually frozen during a piurt 
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of the winter. Are not these facts a direct con* 
tradiction to the gradual cooling of the earth ? 
They would, I acknowledge, if France and Ger- 
ni art V" were now in the same state; if we had 
not cut down the forests, drained the marshes, 
confined the torrents, directed the rfvers, and 
cleared all the lands which were overgrown 
with unprofitable plants. But we ought to con- 
sider that the heat of the globe diminishes in 
an imperceptible manner; that 72,000 years 
were necessary to cool it to a proper temperature, 
and that an equal portion of time must elapse be- 
Ibrelt is so cold as to be niifit for tbe nourishment 
of animals and vegetables. We must consider 
llie dilfercnce between this slow cooling of tbe 
earth and the sudden colds produced in the at- 
niosph«‘re; and we must nevertheless recollect, 
that the difference between the greatest heat of 
our summers and tlie greatest cold of our win- 
tore exceeds not a tliirty-second part. From 
these consiilerations it is apparent, that external 
causes have a much greater iiifipence upon the 
temperature of every climate than the internal 
cause, and that, in all those climates Where the - 
cold of ilie superior regions of the air is attracted 
by moisture, or pushed by tbe winds towards the 
surface, the elfects of these particular causes are 
much more powerful than that produced by the 
general cause. Of this we shall give an exam* 
]»Ie,' which will nmiove every doubt, and at the 
same time obviate every similar objection : 

In the immense territories of Guiana, which 
are covered with thick forests, where tbe sun 

VOL. H. z 
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can liarclly penetrate, where great tracts of 
country are overflowed with water, where the 
rivers are very near each other, and art? neither 
restrained nor directed, where it rains continually 
during eight mouths of the year, the inhabit- 
ants, about a century ago, began tq clear the 
country around Cayenne, which is a very small 
canton, of these vast forests. The diflerence of 
temperature in this little' district is already so 
perceptible, that the people are too warm during 
the night j hut, in ail the lands which are covered 
with wood, the nights are so cold, that fires 
arc necessary in the houses. The same effect is 
produced with regard to the quantity and dura- 
tion of the rains : they cease sooner and com- 
mence later at Cayenne than in the interior parts 
of the country ; neither are they so heavy, nor 
so frequent. At Cayenne, there are four rnonths 
of absolute dryness : but in the interior parts of 
the country, the dry season lasts only three 
months} besides, a daily rain is brought down 
by the south winds, which is pretty violent. An- 
other circumstance merits attention : it seldom 
thunders at Cayenne ; but, in the interior parts, 
^'hcre the clouds arc black, thick, and very low, 
the thunder is violent and very frequent. These 
facts show, in the clearest manner, that, in this 
country, the eight months of perpetual rain 
might be diminished, and the heat greatly aug- 
treated, if the forests wer^ cut dow.p, if the w'atcrs 
were restrained, and the rivers properly directed, 
and if the cultivation of the earth, which sup> 
poses the movements of a great nuniber of men 
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and animals, banished tliat cold and superfluous 
moisture vVliich is attracted and diffused by the 
immense quantity of vegetables. 

As every action, every movement, produces 
heat, and as all beings endowed with the faculty 
of progressive motion may be considered as so 
many little fires, it is in proportion to the num- 
ber of men and animals, that (every thing else 
being equal) the local temperature ,of each par- 
ticular country depends. The former diffuse beat, 
the latter nothing but cold and moisture. The 
perpetual use men make of fire adds greatly to 
the artificial temperature of all populous terri- 
tories. In Paris, during great colds, the ther- 
mometers at the Faubourg Saint Honors stand 
two or three degrees lower than those at the Fau- 
bourg Saint Merceau j because the north wind is 
heated in passing over the numerous chimneys 
of that great city. A single forest in any 
country is sufficient to produce some change 
in its temperature. Trees, by their shade, 
diminish the heat of the sun;, they produce 
moist vapours, that form clouds, and fall down in 
rain, which is always coUler from the greater 
height it descends. When these forests are aban- 
doned to Nature alone, the old trees fall and 
coldly corrupt; but, when under the dominion 
of man, they are used as fuel^to the element 
of fire, and become the secondary causes of 
every particular heat. In meadows, before the 
herbage is cot dow'u, there are alwaj's copious' 
dews, and often small showers of rain, which 
cease as soon as the grass is carried off. These- 

V o. 
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biiiall rains would become mure abundant and 
more durable, if our meadows, like the savan* 
nabs of America, were always covered with the 
same quautily of herbs, which, instead of dimi- 
nishing, must increase by the accumulating ina> 
nure of all those that die and corrupt on the 
surface. 

Many other exani[)lh3 might be given, all 
coucuiTing to show that man can have an in- 
fluence on the climate he inhabits, and, in a 
manner, fix its temperature at any point that 
may be agreeable to him ; and, what is singular, 
it is more diflicult for hiin to cool than to heat 
the earth. He is master of the element of lire, 
which he can augment and propagate at plea- 
sure, but not of the element of cold, which he 
can neither lay hold of nor communicate. The 
principle of cold is not a real substance, but a 
simple privation, or rather diminution of heat; 
a diminution which ought to be very great in 
the high regions of the air, and which, at the 
distance of a league from the earth, converts the 
aqueous vapours into bail and snow. For tile 
emanations of the iieat pi-opcr to the globe ob- 
serve the same law as all other piiysical quanti- 
ties or qualities ivhicli proceed from a common 
centre; and, as their intensity decreases in the 
inverse ratio of tlie sipiarc of the distance, it ap- 
pears to be certain, that the atmosphere is four 
times colder at tlie hcigiU of tqp} leagues than 
at tliatofoiic, cacii point of the earth’s surface 
being considered us a centre. On the other 
tiaiid, the interior lieat of the globp,._ia every 
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iteason, is constantly ten degi’ecs abo\’c the freez- 
ing point. Hence the earth can never be colder 
than ten degrees above this point, except by 
the fall of cold matters upon its surface from the 
superior regions of4hc air, where the efiects of 
the internal heat of the globe diminish in pro- 
portion to the height. Now, the power of man 
extends not so far. He cannot make cold, de- 
scend, as he makes heat ascend. He has no 
other mode of defending himself from the ardour 
of the sun’s rays, but by forming a shade. But 
it is more easy to cut dgwn the forests of Guiana, 
in order to heat tiie humid earth, than to plant 
trees in Arabia to refresh the burning sands. . A 
single forest, however, in the midst of these 
parched deserts, would be sufficient to render 
them more temperate, to attract the watere Irom 
the atmosphere, to restore all the principles of 
fertility to the earth, and, of course, to make 
man, in these barren regions, enjoy all the sweets 
of a temperate climate. 

It is upon the diflerence of temperature that 
the stronger or weaker energies of Nature de- 
pend. The growth, and even the prcwlnction, 
of all organized beings, are only particular effects 
of this gc-neral cause: hence man, by modify- 
ing this cause, may in time destroy what injures 
liim, and give birtli to every thmg that is agree- 
able to his feelings. Ilnpp 3 ' are those countries 
where all thd elements of temperature art; 
balanceil, aiul so fortmiately combined sis to ])ro- 
dure' only good ellects! But, has any eonntry, 
from its origin, ever enjoyed tliis privilege ? Is 
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there any country where the power of man has 
not aided that of Nature, either by attracting or 
dissipating the waters, by destroying noxious or 
superfluous vegetables, and by taming and mul- 
tiplying useful animals? Of 300 species of qua- 
drupeds, and 1 ,500 species of birds, man has selected 
nineteen or twenty*; and these twenty species 
make a greater figure in Nature, and are more 
useful to the earth than all the others: they make 
a greater figure, because they are directed and 
prodigiously multiplied by man. By coope- 
rating with him, they produce all the benefits 
which could be expected from a wise distribu- 
tion of powers in cultivating the earth, in trans- 
porting the articles of commerce, in augmenting 
provisions, in supplying all the ivants, and in 
ministering to the pleasures of their only master, 
who can reward their services by his industry and 
attention. 

Of the small number of animals selected by 
man, the hen and the hog species, which are the 
most prolific, are likewise the most generally 
diflused, as it the aptitude for great multiplica- 
tion were accompanied with that vigour of coiv 
stitution, which braves every danger or inconve- 
niency arising from difference of climate. Tlie 
hen and the hog have been found in the most 
unfrequented regions of the earth, in Otaheitc 
and other southern island,«, which are the most 

* The elephant, the camel, the horse, the ass, the ox, the 
sheep, the goat, the hog, tlie tiog, the cal, the lama, the 
vigogne, the buffalo, the hen, the swan, the guiney-heii. 
the duck, the peacock, the pheasant, aud pigooti. 
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remote from any continent, and have, till very 
lately, remained unknown. It appears that 
these species have followed man in all his 
emigrations. In South America, whore none of 
our animals could possibly arrive, we find the 
pecari and wild lien, which, though smaller and 
a little different from the hog and hen of our 
continent, must be regarded as a species so nauch 
allied that they might easily be reduced to a 
domestic state. I3ut savage man, having no idea 
of society, is not solicitous about that of animals. 
In the regions of Sunth America, the savages 
have no domestic animals. Tliey destroy in- 
differently the good with the bad species. 'Fhey 
select none for the purposes of rearing and mul- 
tiplying them; while a single fertile species, like 
that of the /locco*, which is at their command, 
would furnish them, with very little attention, 
more subsistence than they can procure by their 
laborious and painful huntings. 

Thus the first mark of man’s civilization is 
the empire he assumes over the animals; and 
this first mark of his intelligence becomes after- 
wards the greatest evidence of his power over 
Nature; for it is ojily after he subjugates and 
tames animals, that he is enabled, by their assist- 
ance, to change the face of the earth, to convert 
deserts into fertih; ground, and^ heath into corn. 
By multiplying useful animals, he augments the 
quantity of life and motion on the surface of the 


A large and very bird, flosli i.^ as goud as 

ibaloV \ \\o pheasant. 
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earthj be, at the same time, improvesf the wliolc 
race of beings, ami ennobles himself, by trans- 
forming the vegetable into the* animal, and botlif» 
into his own substance, which afterwards diffuses 
itself by a numerous multiplication. Me every 
where produces plenty of provisions, which is 
always succeeded by great population. Millions 
of men exist in the same spneo which was for- 
merly occupied by 200 or 500 savages, and mil- 
lions of animals where only a few individuals 
existed. By him, and for his use, all the pre- 
cious germs are unfolded; the produciions of the 
noblest kinds arc alone “cultiviited; upon the 
immense tree of fecundity tlie fruitful bianehes 
are alone brought to perfection. 

Grain, of which man makes bread, is not the 
gift of Nature, but the fruit of his rr.scarehes 
and of his knowledge in the first of all arts. In 
no quarter of the earth has wild eorii been ever 
found : it is evidently an herb brought to per- 
fection by his care and industry*. This precious 
plant he must have selected out of many 
thousands. He ‘must have sown and neaped a 
luimbcrof times, ic. order to iliscover its fertility, 
>vhich is always proportioned to the manure 
and culture bestow'ed upon the soil: ami tiic 
singular ipiality possessed by wheat of resisting, 
jn its early taSo, the cold of our wintcis, 
though, like all other aimnal plants, it perishes 


• Man is iiidehUxI to Na»iirc 0»r lii.s ahili^y to njitivatc the 
cartli. Grain is produced by cultivation, c»»nM*ijuenily grain 
».|ie gift of \aiure. VV. 
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after yielding its scerl, ai^d its no less wonderful 
qualities of being nutritions and ogreeabio to all 
%icn, to many animals, accon^modated to almost 
evei^ climate, and can be long pivstjrved with- 
out corruption, and without losing its power of 
reproduction-, all these circumstances concur in 
proving that it is tiie most happy invention ever 
discovered by man ; and, however ancient it 
may be* supposed, it must have been j)reccdcd 
by the art of agriculture founded upon science, 
and brought to perfection by experience and 
observation. 

If more modern and even recent examples of 
man’s power over the nature of vegetables are 
rcijuircil, we have only to compare ouf pot- 
herbs, our flowers, and our fruits, with those of 
the same species as they existed fifty years ago. 
'llus com[>urison may be instantly made, by 
inspecting the great collection of flowers, which 
was begun in the time of Gaston d’Orleans, and 
continued to this day, in the Royal Garden. 
We shall then perceive, perhaps with surprise, 
tliat the most beaiitifiil flowers of that period, tvs 
the riuiuncili, pinks, tulips, auricula, &c., would 
now be rejected, not by florists alone, but by 
the most vulgar gardeners. These flowers, 
though then cultivated, were not far removed 
from their natural state. A single row of petals 
or flower leaves, long stamina* and hard or dis- 
agreeable colours, v\ ithuut variety, aiul without 
delicate sli.idcs, arc the rustic characte rs of savage 
nature. Oar pot-herbs consisted of a single 
>peci(\s i)f sticcory, aiul two of lettuce, both very 
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badj but we have now more than fifty kinds of 
lettuce and succory, all of which are good. Our 
best fruits and nuts, wliich are so different from 
those formerly cultivated, that they have no re- 
semblance but in the name, must likewise be 
referred to a very modern date. In general, sub- 
sta'Qces remain, and names change with times. 
But, in this case, names reipain, and sul^tances 
are changed. Our peaches, our apricots, our 
pears, are new productions with ancient names. 
To remove every doubt upon this subject, we 
have only to compare our flowers and fruits with 
the descriptions, or rather notices of them, trans- 
mitted to us bv the Greeks and Romans. All 
•/ 

their flowers were single, and all their fruit trees 
•were wild stocks, and their species very ill 
chosen : their fruits, of course, were small, dry, 
sour, and had neither the flavour nor the beauty 
of ours. 

These new and good species originally sprung 
from the wild kinds; but, how many thousand 
times have their ^seeds been sown before this 
happy effect was produced ? It was only by sow- 
ing and rearing an infinite number of vegetables 
of the same species, that some individuals were 
recognised to bear better and more succulent 
fruit than others; and this first discovery, which 
supposes much care and observation, would h|^ve 
remaituid for ever useless, if a second had not 
been marie, which implies an equal degree of 
genius as the first required of patience; I mean 
the mode of multiplying by engrafting those pre- 
cious individuals, which unfortunately cannot 
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propagate, or transmit their excellent qualities to 
their posterity. This fact alone sho'ivs that these 
qualities are purely individual, and not specific; 
for the seeds of these excellent fruits, like the 
inferior kinds, produce nothing but wild stocks, 
which are essentially different. 

By means of engrafting, however, man has 
in a manner created secondary species, which 
be can multiply at pleasure. The bud or small 
branch, when united to the wild stock, retains 
that individual quality which it could not trails* 
mit by its seed; and, iu order to produce the 
same fruit as its original parent, it requires only 
to. be developed. The fruits receive none of the 
bad qualities of the wild stock; because it has 
not contributed to their formation: it is not 
their mother, but their nurse, which only assists 
their growth by conveying nourishment to them. 

In the animal kingdom, most of those quali- 
ties which appear to be individual, are propa- 
gated and transmitted in the same manner as their 
specific qualities. It was, therefore, more easy 
for man to have infiuence upon the nature of 
animals than upon that of vegetables. Particular 
races in any species of animals are only constant 
varieties, w'hich are perpetuated by generation. 
But, in the vegetable kingdom, there are no 
rac^s, no varieties so constant^ as to be perpetu- 
ated by reproduction. In the species of the hen 
and pigeon, a great number of races have been 
very lately produced, all of which propagate their 
kinds. In other species, we daily rear and im- 
prove races by crossing the breeds. From time 
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to time, we naturalize and tame foreign or wild 
species. Ail these recent examples show, that it 
was long before man knew the greatness of his 
poweri and that he is not yet fully acquainted 
with its extent: it d^ends entirely on the exer- 
cise of his intellect. ’Thus, the more he shall 
observe and cultivate Nature, the more cxpcdieiit.s 
he will discover for making^ her submit, and for 
drawing ft'Oin her bosom fresli sources of riches, 
without diminishing the inexhaustible treasures 
of her fertility. 

What intluence might not man acquire over 
his own species, if his inclinations were always 
directed by his intelligence? Who knows to what 
degree he might improve his moral as well as 
his physical nature ? l.s there a single nation who 
can boast of having arrived at the best, of pos- 
sible governments, a government which would 
render all men not equally happy, but less un- 
equally miserable, by attending to their preser- 
vation, by softening their labours, and sparing 
their blood by cultivating peace and procuring 
abundance of provisions: this is the mural end 
of every society of men who are anxious to im- 
prove their condition: and, with regArd to the 

ysical part of our nature, have the medical 
rtnd other arts, who.se objects are health and 
preservation, made an equhl progre.ss as the ^rts 
of destruction invented for the purposes of war 
and carnage? In all ages, it appears that man 
has rctlecifd deeper, and made more researches, 
concerning evil than goo<l. In every society 
there is a mixture of ln>th; and as, of all senti- 
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ments which affect the multitude, fear is the 
most powerful, great talents in the art of doing 
mischief were the first which struck the mind of 
raauj he was aiiterwards occupied with the arts 
of amusement; and it was not till after long ex- 
perience in these two me^ns of false honour and 
unprofitable pleasure, tliat he at last recognised 
his true glory to be science, and his true happi- 
ness peace. 
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Analogies bcLu^cen Animals and Vegetables. 

Amonc; tbe munbtn'lt’ss dbjtirts with whicli 
the surtivee of tliis irlobe is covered and peopled, 
animals hold llto first rank, both on account of 
the relation they bear to man, and of their ac- 
knowledged snijoriority over vegetable and ina- 
nimated matter. The senses, the figure, and the 
motions of animals, bestow on them a more ex- 
tensive coniK’.xion with surrounding objects titan 
is possessed b\' vegetables. The latter, however, 
from their expansion, their growth, and the va- 
riety of parts of which they are com})Oscd, are 
more iotimately related to extern;.! objects than 
minerals or stones, w'nch are perfectly inert, and 
deprived of every vital or active principle. It is 
this number of relations alone which renders the 
animal superior to the vegetable, and the vegeta- 
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ble to the mineral. Man, if we estimate him by 
his material part alone, is superior to the brute 
creation only from the number of peculiar rela- 
tions he enjoys” by means of his hand and of his 
tongue; and, though all the operations of the 
Omnipotent are in tliemselves equally perfect, 
the animated being, according to our mode of* 
perception, is the most complete; and man is 
the most finished and perfect animal. 

What a variety of springs, of powers, and of 
mechanical movements, are included in that 
small portion of matter, of which the body of an 
animal is composed ! What a number of rela- 
tions, what harmony, what correspondence, 
among the different parts ! Mow many combina- 
tions, arrangements, causes, effects, and princi- 
ples, all conspiring to accomplish the same de- 
sign ! Of these we know nothing but by their 
results, which are so difficult to comprehend, 
that they cease only to be miraculous from our 
habits of inattention and our want of reflection. 

But, however admirable this work may ap- 
pear, the greatest miracle is not exhibited in the 
individual. It is in the successive renovation, 
and in the continued duration of the species, that 
Mature assumes an aspect altogether inconceiv- 
able and astonishing. This faculty of reproduc- 
tion*, which is" peculiar to animals and Jiegeta- 

rhi.s word is frovjuently used llie autlior. and rc(]uircs 
1)0 explained. It signifies the power of producing or propa- 
gating ill general, and is equally applicable to plants and to 
'itiitiictls. (>cnerutiuii a ‘^pncics of reproduction peculiar to 
tiii.’uatcd beiiiii'!. 
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blcs i this species of unity, which alijirays subsists, 
' and seems to be eternal ; this generative power, 
which is perpetually in action, must, with regard 
to us, continue to be a mystery so profound, that 
we shall probably never reach its bottom. 

Even inanimated bodies, the stones or the dust 
under our feet, have some properties ; their very 
existence presupposes a great number; and 
matter, the most imperfectly organized, possesses 
many relations with the other parts of the uni- 
verse. We will not assert, as some philosophers 
have done, that matter, under whatever form it 
appears, is . conscious of its existence and of its 
relative powers. This question belongs to meta- 
physics, of which we intend not to treat. We 
shall only remark, that, being ignorant of the ex- 
tent of our own connexions with external ob- 
jects, we cannot hesitate in pronouncing inani- 
mated matter to be inliuitely more ignorant. 
Besides, as our sensations have not the most 
distant resemblance to the causes which produce 
them, analogy obliges us to conclude, that dead 
matter is neither emlowed with sentiment, with 
sensation, nor with a consrionsness of its own ex-^ 
istence. Hence, to attribute any of these facul- 
ties to matter, would be ascribing to it the power 
of thinking, of acting, and of perceiving, nearly in 
the same manner as we ourselves t^nk, act, and 
perceive ;^bich is et^ually repAgiiant to reason 
and religion. 

With inanimated matter, therefore, though 
formed of dust and clay, we have no other relar 
tions than what arise from the general properties 

VOL. 11. « A 
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of bodies, such as extension, impenetrabiliiy, 
^‘iivity, &c. Blit, as relations purely material 
make no internal impression on us, and as they 
exist entirely independent of us, they cannot be 
considered as any part of our being. Our exist- 
ence, therefore, is an effect of organization, of 
life, of the soul. Matter, in this view, is not a 
principal, but an accessory. It is a foreign co- 
vering, united to us in a manner unknown ; and 
its presence is noxious. Tliought is the consti- 
tuent principle of our being, and is perhaps to- 
tally independent of matter. 

We exist, then, without knowing how; and 
we think, without perceiving the I'eason of 
thought. But, whatever be the mode of our 
being, or of our thinking, whether our sensations 
be real or apparent, their elfects are not the less 
certain. The train of our ideas, though different 
from the objects which occasion them, gives rise 
to genuine affections, and produces in us relations 
to external otyects, which we may regard as 
real, because they are uniform and invariable. 
Thus, agreeable lo'the nature of our being, it is 
impossible to doubt concerning the reality of 
those distinctions and resemblances which we 
perceive in the bodies that surround us. We 
may, therefore, conclude, without hesitation, that 
man holds the first rank in the order of nature, 
and that brute animals hold the secoffd, vegeta- 
bles the third, and minerals the last. Though 
we arc unable clearly to distinguish between our 
animal and spiritual qualities; though brutes are 
endowed with the same senses, the same princi- 
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pies of life and motion, and perform many actions 
in a manner similar to those of man ; yet they 
have not the same extent of relation to external 
objects; and, consequently, their resemblance to 
us fails in numberless particulars. "Wo differ still 
more from vegetables ; but we arc more analo- 
^guus to them than to minerals; for vegetables 
possess a species of animated organization ; but 
minerals have nothiiig that approaches to regu • 
lar organs. 

Before we give the history of an animal, it is 
necessary to have an exact knowledge of the ge- 
neral order of his pecfiliar relations, and then to 
distinguish those relations which he enjoys 
equally with vegetables and minerals. An ani- 
mal possesses nothing common to the mineral 
but the general properties of matter : his nature 
and economy, however, are perfectly different. 
The mineral is inactive, insensible, subject to 
every impulse, without organization, or the 
power of reproduction, a rude mass, fitted only 
to be trod by the feet of men and of animals, 
liven the most precious metals, which derive 
their value from the conventions of men only, 
iire regarded in no other light by the philosO' 
pher. In the animal, the whole powers of na- 
ture are united. The principles with which he 
is animated are peculiar to him: he wills; he 
determfhes; he acts; he communicates, by his 
senses, with the most distant oi>ject.s ; his body 
is a world in miniature, a central point to 
W'hich every thing in the universe is connected. 
These are his peculiar and invariable relations : 

A 2 



5^6 


ANALOGIES BETWEEN 


the faculties of growth and expansion, of re> 
production and the multip^cation of his spe* 
cies, he possesses in common with the vegetable 
kingdom. 

Progressive motion appears to be the most 
distinguishing quality between an animal and a 
vegetable. We, indeed, know no vegetable that^ 
enjoys a loco-motive faculty. But this motion is 
denied to several species of animals, as oysters*, 
gall insects, &c. This distinction, therefore, is 
neither general nor essential. 

Sensation more essentially distinguishes ani- 
mals from vegetables. But saisation is a com- 
])lex idea, and requires some explication ; for, if 
sensation implied no more than motion conse- 
quent upon a stroke or impulse, the sensitive 
plant enjoys this pow’er. But, if by sensation 
we mean the faculty of perceiving and of com- 
paring ideas, it is uncertain whether brute ani- 
mals are endowed with this facultv. If it should 
be allowed to dogs, elephants, &c., whose actions 
seem to proceed from motives similar to those 
by which men are actuated, it must bo denied 
.to many species of animals, particularly to those 
that appear not to possess the faculty of progres- 
sive motion. If the sensation of an oyster, for 
example, differ in degree only from that of a 
' dog, why do we not ascribe the same sensation 
to vegetables, though in a degree still inferior ? 
riiis distinction, therefore^ 'between the animal 


* This Is not strictly true; for oysters, and even gall in- 
^ects^ arc capable of a ilegrce of local motion. 
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and vegetable, is neither sufj^ciently general nor 
decided. 

.A third distinction has lK.'en derived from the 
manner of feeding. Animals have organl* of 
apprehension by which they lay hold of their 
food ; they search for pasture, and have a choice 
'tn their aliment. But plants are under the ne- 
cessity of receiving §uch nourishment as the soil 
affords them, without exerting any choice in the 
species of their food, or in the manner of ac- 
quiring it : the moisture of the earth is the only 
source of their nourjshment. However, if wc 
attend to the organixntion and action of the 
roots and leaves, we shall soon be convinced, 
that these are the external organs by which ve- 
getables are enabled to extract their food ; that 
the roots turn aside from a vein of bad earth, 
or from any obstacle which they meet with, in 
search of a better soil ; and that they split and 
separate their fibres in different directions, and 
even change their form, in order to procure 
nourishment to the plant. A general distinction, 
therefore, betw’ecn the aiiimul and vegetable, 
cannot be founded on their manner of feeding. 

From this investigation wc are led to conclude, 
that there is no absolute and essential distinction 
between the animal and vegetable kingdoms j 
but that^ Nature proceeds by .imperceptible de- 
grees from the most perfect to th#'most impei-fect 
animal, and from that to the vegetable : ticncc 
the fresh water polypus may be regarded as the 
last of animals, and the first of plants. 

After examining the distinctions, we shall now 
inquire into the resemblances which take place 
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between animals apd vegetables. The power of 
reproduction is common to the two kingdoms, 
and is an analogy both universal and essential. 
This mutual faculty would induce us to think 
that animals and vegetables are beings of Hie same 
order. 

A second resemblance may be derived from 
the expansion of their parts, which is likewise a 
common property ; for vegetables grow as well 
as animals; and, though some difference in the 
manner of expansion may be remarked, it is nei- 
ther general nor essential,; since the growth of 
.some considerable parts of animals, as the bones, 
the hairs, the nails, the horns, &c., is the effect 
of a genuine vegetation ; and the foetus, in its 
first formation, may be rather said to vegetate 
than to live. . 

A third resemblance arises from the following 
fact : some animals are propagated in the same 
manner, and by the same means, as vegetables. 
The multiplication of the vine-fretter (pticeron), 
which is effected, without copulation, is similar to 
that of plants by .seed ; and the multiplication of 
‘ the polypus by cuttings resembles that of plants 
by §lips. 

. We may, therefore, conclude, with more cer- 
, .tainty, that animals and vegetables are beings 
of the same ordeq, and that Nature passes from 
the one to thi other by, imperceptible degrees ; 
since the properties in which they resemble each 
other are universal and essential, w’hile those by 
which they are distinguished are limited and 
partial. 

Let us next compare animals and vegetables 
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in different points of view j for example, with re- ' 
gard to number, situation, magnitude, fig^ire, &c., 
from which new inductions will arise. 

Animals exceed plants in the number of spe- 
cies. In the class of insects alone, there are, 
perhaps, a greater number of species, than of 
the whole species of plants on the face of the 
earth. Animals differ from each other much 
more than plants: it is tlic great similarity of 
plants that has given rise to the difficulty of dis- 
tinguishing and arranging them, and to the va- 
riety of botanical systems, which are much more 
numerous than those of zoology. 

Beside being more strongly characterised, 
every species of animal is distinguishable from 
another by copulation. Those may be regarded 
as of the same species which, by copulation, 
uniformly produce and perpetuate beings every 
way similar to their parents; and those which, 
by the same means, either produce nothing, or 
dissimilar beings, may be considered as of diffe- 
rent species. A fox, lor example, will be of a 
different species from a dog,* if notliing results 
from ti)e intercourse of a male and a female ot* 
these two animals ; or if the result be a dissimi- 
lar creature, a kind of mule, as this mule cannot 
multiply, it will be ii sufficient demonstration 
that the fox and dog are different species of ani- 
mals. In plants, we hav# not ihe same advan- 
tage ; for, though sexes have been attributed to 
them, and generic distinctions have been founded 
on the parts of frucliffcation ; yet, as tliesc 
characteristics are neither so certain nor so up- 
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parent as in animals; and as the reproduction 
of plants can be accomplished by several me^ 
thods which have no dependence ' on sexes, or 
the parts of fructification, this opinion has not 
been universally received; and it is onl^ by the 
misapplication of analogy, that the sexual system 
has been pretended to be sufficient to enable us 
to distinguish the diilerent species of the vege- 
table kingdom. 

Though the species of animals be more nume- 
rous than those of plants, the number of indi- 
viduals in each species of the latter far exceed 
those of the former. In animals, as well as in 
plants, the number of individuals is much greater 
in the small than in the large kinds. Flics are 
infinitely more numerous than elephants; and 
there are more herbs than trees. But, if wc 
compare the number of individuals in each spe- 
cies, the individuals in each species of plants far 
exceed those of the animal. Quadrupeds, for 
example, produce but few at a time, and at con- 
siderable intervals. Trees, on the contrary, pro- 
duce annually an anlazing number of seeds. It 
m^y be alleged, that, to render this comparison 
exact, the number of seeds produced by a tree 
should be compared with the number of germs 
contained in the semen of an animal ; and then, 
perhaps, it would ^appear, that animals abound 
more in germs than viget^bles. But, by collect- 
ing and sowing the seeds bf a single elm tree, 
100,000 young elms may be raised from the pro- 
duct of one year. Though a horse, however. 
Were furnished with all the mares he could cover 
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in a year, the result between the production of 
the animal and of the plant would be very differ 
rent. I avoid taking notice of thie number of 
germs j because of these (especially in the animal) 
we ha^e no certain knowledge, and because the 
same seminal germs may exist in the vegetable ; 
for the seed of a plant is not a gefih, but a pro> 
duction as perfect as the foetus of an animal, and 
which, like a foetus, re«juircs only the expansion 
of its parts. 

To this may be opposed the prodigious multi- 
plication of some kinds of insects, as the bcc, a 
single female of which w'ill produce thirty or forty 
thousand. But, it ought to be remarked, that 
I am here speaking in general of animals com- 
pared with vegetables. Besides, the bee, which 
affords, perhaps, an example of the greatest 
multiplication among animals, proves nothing 
against the present doctrine; for, out of thirty 
or forty thousand flics produced by the mother- 
bee, there are but very few females, and no less 
than 1,.500 or 2,000 males ; thq rest are of neither 
sex, and totally incapable of procreating. 

It must be acknowledged, that some species of 
insects, fishes, and shell animals, appear to be 
extremely prolific. Oysters, herrings, fleas, &c., 
are perhaps etpially fertile as mosses, and the 
most comn)on plants. But^ in general, most 
species of animals ar^ less prolific than plants ; 
and, upon comparing the multiplication of the 
diflerent species of plants, we find not such re- 
markable differences, with regard to number, as 
take place among animals. Some animals pro- 
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duce great numbers, and others very few. But, 
in every species of plants, the quantity produced 
is always great. 

From what we have already observed, it ap- 
pears, that, both in the animal and vegetable 
kingdoms, the smallest and most contemptible 
species are the most prolific. In proportion as 
animals seem to be more perfect, the number of 
individuals decreases. Does the production of 
particular forms of body, necessary for the per- 
fecting of bcnliment, as those of quadrupeds, and 
of birds, cost Nature more expense of organic 
particles than the ptx)duction of inferior crea- 
tures ? 

Let us now compare animals and vegetables 
with regard to situation, size, and figure. Ve- 
getables can exist no where but on the earth. 
Most of them are at I ached to the soil by roots: 
some, as truffles, are entirely covered with the 
.soil j and a few grow under water. But the 
whole require a connexion with the surface of 
the earth. Animals, on the contrary, are more 
generally difi'usefl. Some inhabit the surface, 
and others the interior parts of the eartli. Some 
never rise above* the bottom of the ocean, and 
others swim in the waters. The air, die internal 
parts of plapts, the bodies of men and of other 
animals, and' cvei\ stones them.selves, are stored 
with inhabitants. 

By the as.sistance of the microscope, many new 
species of animals have been discovered. But, 
what is singular, we are not indebted to this in- 
strument for above one or two species of plants. 
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The small moss, of which mouldiness consists, 
is perhaps tlie only microscopic plant that has 
been described. From this it would appear, that 
Nature has refused existence to very small plants, 
while she has created animalcules in the greatest 
profusion. But this opinion should not be adopted 
without examination. Plants are so similar in 
their structure, that jt is much more difficult to 
distinguish them than Animals. This monldiness, 
which we imagine to be only a very small moss, 
may be a forest or a garden consisting of a mul- 
titude of ditlercnt plapts, though wc are unable to 
distinguish them. 

Animals and vegetables differ also with regajrd 
to size. There is a greater disproportion between 
the bulk of a whale and that of one of these 
pretended microscopic animals, than between the 
largest oak and the small moss mentioned above. 
Though bulk be only a relative attribute, it may 
be useful to know the limits within which Na- 
ture has confined her productions. As to large- 
ness, plants differ but little from animals. The 
quantity of matter in a whale and in a large tree 
is nearly eciual ; but, as to smallness, some men 
have pretended to have seen aqpmals so extremely 
minute, that a million of them collected in a heap 
would not equal the small moss on a piece of 
mouldy bread. 

The most general and most obvious distinc- 
tion between plants and animals arises from their 
figure, 'riie form of animals, though infinitely 
various, has no resemblance to that of plants : 
and, though the polypi, which, like plants, can 
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be multiplied by cuttings, may be regarded as 
the link which connects the animal and vege- 
table kingdoms, not only from the manner of 
their reproduction, but still more from their 
figure; yet there is no danger of mistaking the 
one for the other. The operations of some ani- 
mals resemble ’ plants or flowers. But plants 
never produce any thing siniilar to an animal ; 
and those wonderful insetsts which make corals, 
would never have been mistaken for flowers, if^ 
by a foolish prejudice, coral had not been re- 
garded as a plant. Thus the errors we may 
commit in comparing plants and animals, are 
qpnfined to a few objects which lie on the ex- 
tremities of the two kingdoms; and the farther 
we extend our obsen’ations, we shall be the more 
convinced, that the Creator has instituted no 
fixed limits between the animal and vegetable ; 
that these two species of organized beings pos- 
sess a greater number of common properties than 
of real diflcrcnccs ; that the production of aii ani- 
mal requires, perhaps, a smaller exertion of Na- 
ture than the production of a vegetable ; or, ra- 
ther, that the production of organized bodies re- 
quires no immed^te exertion at all ; and, lastly, 
that animation, or the principle of life, instead of 
a metaphysical step in the scale of being, is a 
physical property pominon to all matter. 
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C H A P. II. 

Of Reproduction in general. 

W£ shall now eKamiuc more closely this 
property, which is common to the animal and vege- 
table, this faculty of producing beings similar to 
themselves, this successive chain of iiidividiinls 
which constitutes the real existence of the species : 
and, without limiting our research to the genera- 
tion of man, or of any particular animal, let us con- 
template the general phenomena of reproduc- 
tion i let us collect facts, and enumerate the va- 
rious methods employed by Nature for the reno- 
vation and transmission of organized existences. 

The first, and apparently the most simple, me- 
thod, is to assemble in one body an infinite num- 
ber of similar organic bodic.s, and to compose its 
substance in such a inauiier,* that ^very part 
shall contain a germ or embryo of the same spe- 
cies, and which might become a whole of tlie. 
samckindwith that of which it constitutes a part*. 

* The intelligent reader will perceive that this sentence, ^ 
tliough not very obvious, cootuiiis the principle upon which 
the subsequent theory of generation adopted by the au- 
thor is founded. It niea’'s'' nu more than that the bodies of 
animals and of vegetables are composed of an inlinite num- 
ber of organic particles, perfectly similar, both in figure and 
substance, to the whole animal or plant, of which they are 
constituent parts. 
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Tliis apparatus appears, at 6rst sight, to sup- 
pose a profusion of expense. Such magnifi- 
cence, however, is not nncoiumon in Nature. It 
is discernible even in the more pommon and' infe- 
rior species, as in worms, polypi, elms, willows, 
and many other plants and insects, every part of 
which contains a whole, and, in order to become 
a plant or an insect, requires only to be unfolded 
or expandeil. Considering organized bodies 
under this point of view, an individual is a 
whole, uniformly constructed in all parts, a col- 
lection of an indnitc uutnber of particles every 
way similar, an assemblage of germs or minute 
individuals of the same .species, which, in certain 
circumstances, are capable of being expanded, 
and of becoming new beings, like those from 
which they were oiiginally separated. 

This idea, when traced to the bottom, disco- 
vers a relation between animals, vegetables, and 
minerals, which we would, not have suspected. 
Salts, and some other minerals, consist of parts 
similar to one another, and to the whole. A 
grain of sea salt, as v/e distinctly perceive by the 
microscope., is a cube composed of an infinite 
puinber of smaller cubes *, which, as we dis- 


* Ilae tain parvac.qitam magna: figurae (salinm) ex oiagno 
mtiim nuinero''iiiinorain particiilarum, quae eandem iiguram 
hahent, sunt conflatae, .sicuti mihi sippe licait, observare, cum 
aquam niarinam aut connuuneiuV.Mjijiasal commune liquatum 
era't, intneur pur micrcscopiuin, quod ex ea prodeunt ele- 
gantes, parvic, ac quadrangulares figiirae adeo exiguae, ut 
mille carum myriados niagnitudinu'n arens crasaioris ne 
■squent. Quae salis miuultc particulte, quain primum oculia 
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cover by a larger magnifier, are themselves com- 
posed of still smaller cubes. The primitive and 
constituent particles of this salt must, therefore, 
unquestionably, consist of cubes so minute, that 
they will for ever escape our observation. Plants 
and animals, which pos.sess the power of multi- 
plying by all their parts, are organized bodies 
composed of similar organic bodies, the primi- 
tive and constituent' pailicles of which are also 
organic and similar. Of these we discern the 
accumulated quantity; but we can only recog- 
nise the constituent particles l)y reason and ana- 
logy. 

From tliLs view, we are led to conclude, that 
there exists in nature an infinity of orgajik liv- 
ing purlidcs *, of the same substance with or- 
ganized beings. A similar structure we have 
alreadv remarked in more inanimated matter, 
which is composed of an infinite of mi- 

nute particles that have an exact resemblance to 
the whole body. And as the accumulation 
perhaps of millions of cubes is necessary to the 
formation of a single grain* of sea salt that is per- 

con.splcio, niagiiitudine ah omnibus latcrlbii.s crescunt, suaiii 
raincn elcgaiiteni siiperficicni (pjuilraiifrularem rctineiitcs^ 

fere rigur«i3 Jkc saliiiiu cavitate doiiato? sunt, &c. 

See Leeuwenhoek, Arc. Nat. luni. i. p. 3. 

* To avoid the introduction oi' teriiis which might not be 
generally understood, it is necessary to inform the reader, 
that the phrases corps orj^amques vivans, parties organiques 
vivantes, et molecules orf^aniques vivantes, which occur so 
often in this volume, and form the basis of our author's theory, 
are uniformly, in the version, exprc.ssed by the \sorJs 
particles* 
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ceptible by our senses^ an equal 
lar organic particles is requisite to produce one 
of those numberless germs contained in an elm, 
or iu a polypus. A cube of sea salt must be dis< 
solved before we can discover, by means of crys- 
tallization, the minute cubes of which it is com- 
posed: in the same manner, the parts of an elm 
or of a polypus must be separated, before ivc can 
recognise, by means of vegetation or expansion, 
the small elms or polypi contained in the diffe- 
rent parts of these bodies. 

The difficulty of assenting to this idea procecd» 
from the well known prejudice, that we can only 
judge of the compound by the simple; that, to 
discover the organic structure ot any being, it 
must first be reduced to its simple and unorganic 
parts; and that hence it is more easy to conceive 
how a cube must necessarily be composed of other 
cubes, than how a polypus can be composed of 
other polypi. But, if we examine attentively 
what is meant by simjile and compound, we shall 
find4 that in this, as in every tiling else, the plan 
of Nature is ;ery different from the grossness and 
imperfection of our conceptions. 

.Qur senses, it is well known, convey not 
to us exact representations of eaiternal objects. 

, .When we want ^.palculatc, to judge, to com- 
pare, to weigh, jio measure, &c., we are obliged 
to have recourse to tbreign aid, to rules, to prin- 
ciples, to usages, to instruhionts, &c. All. these 
aids are efforts of human genius, and belong 
more or less to the abstraction of‘'Our ideas. 
This abstfactioii, with regard to us, constitutes 



ducihg tfii^m to Uiis a^tra^toa w tfiii coito^nd. 
Ektensiody'^fiM* <fxainple. Joeing a ganeial and ali- 
street property ot inat^r, is not moeh com- 
pounded. In order> however, to judge ccmcertH 
ing it, we have imagined some 'extensions to 
have no tfiicknesa, others to have neitherthick- 
ness nor breadth } and points, which are eULten« 
sions without being extended. AH these abstrac- 
tions have been invented as supports to the up* 
derstanding; and the few definitions employed 
in ^ometry have given rise to numberless pre- 
judices and false conceptions. Whatever is re- 
ducible under any of these definitions is called 
simple} and such things as cannot be easily re- 
duced to this standard are considered as complex. 
Thus, a triangle, a square, a circle, a cube, and 
also those curves of which we know the geome- 
trical properties, are regarded as simple. But 
every thing which we cannot reduce under theto 
figures, or abstract roles, appears to os to be com- 
plex. We never reflect, that all these geometri- 
cal figures exist no where but in our own imagt- 
natioiis, or that, if tliey are ever found in Na- 
ture, it is only because she exhibits every pos- 
sible form } «id iie appearance of simple figures, 
as an exact cube, or an equUaim^l pyramid, is, 
perhaps,* more difiicttlt and rare**to Ite found in 
Natoi^, than the complex forms of {dants or of 
auimalsi it is in this' manlier that we perpetu- 
ally cqpiiiier^e abstract ks'Mmple, and the real 
as oomplcdc.t^'thit, in hatufe,' tto abstra^exists ; 
iH|jl^g is limf^} evqry ol^ect is compundedt . 
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We vre tinable to penetraMi 
sttucture of bodies. We OMiROt» 4beralbifej 
termine what objects are mere or Jesa oompIeKv^ 
unlebs by the greater or iess relation they hare 
to oursdFes, and to the rest of the universe. 
For this reason we regard the animal as being 
more complete than the vegetable, Mtd the vege* 
table than the mineral. With respect to us, this 
notion is just; but we know not whether tlm 
animal, vegetable, or mineral, be, in reality, the 
most complex, or the most simple; and we are 
ignorant whether tlie production of a globe or a 
cube requires a greater efilbrt of Nature than that 
of a germ, or an organic particle. If we were 
to indulge in conjectures upon this sulgect^ we 
mig^t imagine that the most common and iia« 
merous objects are the most simple. But this 
would make animals more simple than plants or 
minerals; because the former exceed the latter in 
number of species. « 

But, withont dwelling longer on this sut^ect, 
it is sufficient to have shown, that all our no* 
tions concerning simple and compoundr are ab- 
stract ideas; that they cannot be applied to.itlie 
> complex operations of nature; that, when swe 
attempt to reduce all bodies into elements nF a 
cubical, prism^iq, globuLr, or any other regular 
figure, wq tiH>kitute our own imagina^aos in 
opposition to real existences; and that tibe«ifontts 
of the-r constituent particles of diffenentt bodies 
are absolutely unknown to ns; and^^of coiffse, we 
may brieve or snppeae that otglpaed hetngs 
aheveonv^^sed oi similor organic jpar^les, ps |j||U^ 
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bojotiiacni^lliod of jadglttjp iKit by i»P viepce. 
W* know that » dipbiB sep /ifalt is coipposed 
of many lesser cubes, avd that an elm insists of 
a great tnumber of minute elms ; because if we 
take • piece of a branch, of a toot» of the ii^'ood 
separate fmm the trunk, or a seed, iirom a|L 
these a new tree is produced. , Tbe< polypps^ 
and' some other species of animals, may lU^atwise 
be < multiplied by cuttings separated from asy 
{Mue of their bodies; and, as our rule of judging 
in botbtcases is the same, why should we form-a 
difforeat opinion coucefning them ? 

,The above reasoning renders it extremely pro- 
bable,' •that there really exists in Nature an in- 
fioite niimher* of small organized beings, every 
way similar to those large organised bodies 
which make such a coni^cuous figure in this 
worlds that these small organized beings are 
composed of living oiganic particles, which are 
common both to animals and v^etablea, and are 
their 'primary and incorruptible elements; that 
ant.'aamnnhkige of these particle constitutes an 
animal Or a fdsmt; and, consequently, that re- 
paoducthm ot'gsneration.is nothing but a change 
of fbntR^'<efieotediioIely by the addition of stmi- 
latr^pmtioim;. nod < the death, '^resolution of 
oegOflmsd’ 'bodies, is otdy a sd^^lipn of the 
some^rtiolee. »Of the truth doctrine 

oOfeissidimbl vriil remain, after, the proo^ de- 
th^followif^;. chapteia am <perosed.t 
mi the of hen,' and 

cbiliiliv hM'annmmefpo^mawiinvodoilll fiem 
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so smalt an origin, we must be persnuAed that fbia 
increase of matter is effected by the simple addi- 
tion oforganic pRrtieles whiofa are.s^ilm to obe 
atiotlier 

dttccB wbffih it'do^ftaed in misito 

tree*a'bnct 4b''f<inned,*'wbich omalaina 
that b to spriog the next season^ andMihisdtodr 
is> an oi^niaed’body similar >to>the 8tti^>liilio<ei€ 
the precedii^ year. The small tieeof ihettoOfind 
year» in the sfme manner, prodncses asjbiad whibh' 
contains a tree Ifor the third year; andildiiftpio- 
cess uniformly goes on as' long as thetRrea a<m- 
tinues to vegetate: . buds are likewise fbrmeli at 
the extremity of each branch, which oabtate» 
in miniature, trees similar to that the rffrm. 
year. It is evident, therefore, that arses>are 
composed of minute organized bodiea ause^to 
themselves, and that the whole indhvidtial . b 
fbntied by a numerous ossemUi^ of mismte mi 
simdar indivkhiab. 

But, it may be demanded, wem nat« ail' these 
minute, and similarly organizedlbodtes, coafeamed 
in the seed^ and may not the order cfwtheir 
' unfolding be traced from that source? 'Cbr'ab b. 
apparent, that tlub first bud was snnnouiited by 
a similar bad|a^ich was 'n<rt e^qianded tHl the 
second yajMr,'j|lm the third bud was not imi^^ed 
till the third year; and^ consequently^ the seed 
may be'Said to have reaOy contaiinefi tber whole 
buds which would be formed for lOOtyeats, >oit' 
till the dissolution of the pteut: t^-oppak 

rent, that this seed contained not only all the 
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small organiaed bodies which must in time have 
constituted the individual tree itself, but likewise 
all the seedi^-and all the individuals which would 
sncceaivety-arisejritill the, final idestnictioi) esfthe 
speQiei. 

'indeed, 'it a‘ capita diffiecdQre^tve shall 
thwefore eacaoiine it with the greater attention. 
It Is trae, that the seed produced a small hree 
the first year, solely by the unfolding of the bud 
or germ which it contained, and that this small 
tree existed in miniature in the byd. Hut it is 
not equally certain that the bud of the second 
year, and those of the succeeding years, nor that 
all the edfall organic bodies, and the seeds which 
mast have been formed till the end of (lie world, 
or the destruction of (be species, were contained 
in the first seed. This opinion supposes an infi- 
nite progression, and makes every individual a 
source of eternal generations. The first seed, foe 
iiwtance, mast have inolnded all the plants of its 
species which have existed, or ever will exist* 
and the first man must h^ve contained in his 
loias all the men who have appeared, or ever will 
appear, on the face of the earth. Every seeti* 
and every animal, according to this doctrine, . 
must have induded in its owiu'body an infinite 
p 08 te( 4 ty. ’ If we yield to reasoiii|h^s of this kind, 
we mi!»t lose sight of truth in th|^ labyrinths of 
infinityji and* in place of solving, or of throwing 
light upon the question,' we will involve it in ten- 
fold obscurity. It is removing the object beyond 
the reaoh of Our vision, and then complaining 
tiiabit cannot be seen. 

Let us investigate the nature of the ideas of 
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infinite |>rogres8iai)i do'Ke 

nfeiqaira llieni i lit wfiR^ d4 F*' W« 

#Kiit 

idias of ^hlfintte snocession, nlld geotndtril^ ^ 
&iify : ' every individual k a ohit ; ' $^Ai64iidi- 
vidnals make a limited number; End a'nHioTe 
allies is to us an infinite , multitude. 'fVoqjt’the 
same data, by which we have demonttMtcid 'the 
nonentity of geometrical infinity, we might*^l>rove 
that infinite succession, or propagation,' rests On 
no firmer basis; that it is only an abstract idea, 
a mere deduction from the idea of fini^ ol^ects, 
by lopping off the limits which necessarily ter> 
minate every magnitude * ; and, of course, that 
every opinion which infallibly leads to the idea of 
actual existence, upon no better authority than 
what is derived from geometrical or nni^rifcal 
infinity, ought to be rejected. 

The partisans of this opinion are now redubed 
to the necessity of acknowledging, that theilr in> 
finity of succession and of multiplication k only 
an indeterminable "or indefinite numbeV. But, 
say they, the first seed, of an elm, for example, 
which weighs not a grain, actnally confdillit all 
the organic particles requisite Ifor the fiwination 
of this tree, and'of all the individuals of the^safne 
species which shEll ever appear. *. Is this E solo* 
tien of the ‘difficulty ? Is it not cutting the knot, 
in place of untying it ^ 

When in reply to the question, hOw beings 

> * See thia fully demonstrated in my preface to the French 
trandation of Newton’s Flnxions, p. 7. 
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are tnolti|>HiNi^ it i» answerody diet the multi- 
]4icati«^,waB eom^li^ed t^e tbe 

ledpieu^ » .iMMueieiofer jof# 

d^ire of farther ie^pFosreaien^?' how one 

beiii^ produces ite like i apd we receireforaottf^r, 
that the whole was created at once. A strpa^^ie 
solutioft} for, whether oOe only or a thousand 
generations had passed, the same difficulty re- 
mains, and, instead of removing it, the suppo- 
sition of an indefinite number of germs, all ex- 
isting and contained in a, single germ, increases 
and renders it altogether incomprehensible. 

I allow, that it is much easier to find fault, 
than to investigate truth, and that the question 
concerning reproduction is perhaps of such a 
subtile nature, as not to admit of a full and satis- 
factory explication. But we ought at least to 
inquire whether it be altogether inscrntable; and, 
in the course of this inquiry, we will discover all 
that can be known, and the reason why we can 
know no' more. 

Questions or inquiries are of two kinds } the 
first regard primary causes, the other particular 
efiects. If, for example, -it be asked why matter 
is impenetrable r we must eit^^ return no answer, 
or reply by saying, that matt^^ impenetraUe, 
because it is impenetrable. Il\e .qame answer 
most be made, if we inquire into the cause of 
gravity, of extension, of the inertia of bodies, or 
of any general quality of matter. Speb is the 
nature of idl general and abstract qualities, that, 
having no mode of comparing them with othei^ 
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objects in which they do not exist, we are to- 
tally incapable of reasoning concerning them i 
and therefore all inquiries of this kind, as they 
exceed the powers of human intellect, are per- 
^ctly useless, 

. But, on the otlier hand, if the rea8on»of parti- 
cular effects be demanded, we are'ahraya in* a 
condition to give a distinct answer, whenever we 
can show that these effects' are prodoced by one 
of the general causes ; and the question is equally 
stdved, whether the particular effect proceeds 
immediately from » general cause, or from a 
chain of successive effects, provided we have a 
clear conception of the dependence of these el- 
fects upon each other, and of their mutual re- 
lations. 

But, when a particular effect appeals not to 
have any dependence upon more general effects, 
or has no analogy to those already known, we are 
then totally unable to give any explication of such 
effiset } because we have no similar olgect with 
which it can be compared. We cannot explain 
a general cause, because it equally exists in every 
object } and, on the contrary, we can give no 
account of a single or isolated effect; because 
the same quality exists not in nny other subject. 
To explain a general cause, we must discover 
one still piore general ; but a single and detached 
effect may be illustrated by the discovery of an 
analogous effect, which experience or accident 
may exhibit. 

lliere is still another kind of question, which 
may be caUed a questiop of fac|. for example. 
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why do trees, dogs, &c., exist ? All questions of 
this kind are perfectly iusolvabl^ ; for those who 
solve them by final causes consider not that they 
mistake the effect for the cause v the relation of 
particular objects to ourselves has nd'Ohintthxion 
their origin* 'Moral afflsifg^ <ot H^KMt can 
im&tbee/ome a physical 'reftshu. 

Questions in which we emptoy'thd 
ought to be carefully distinguished* from those 
in which we employ Aoto, and still more 'from 
those ip which we ought to use the words kmo 
much or hou> many. ' Why always relates to the 
cause of the effect, or to the effect itself ; tamo re« 
lates to the manner in which the effect happens ; 
and hoo) muck relates to the measure or quantity 
of the effect. 

These distinctions being established, let us now 
examine the question concerning the reproduc- 
tion of beings. If it be demsMed why animals 
and vegetables continue their ^qtehies ? tve clearily 
peredve that this is a question of feet, and 
therefore it is useless and insolvable. But, if 
it be asked how animals and vegetables are re- 
produced ? we are enabled tO solve the question, 
by giving the history of the generation of eveiy 
species of animal, and of the reproduction of 
evaiy species of plant: after 'tracing, however, 
every possible metliod of pro(f8^^i6tt', and mak- 
ing the most exact observations, we have 
learned the fads otily, but have not discoeeitH) 
the causes : and, as the means Nature employs in 
multiplyiiig and containing the species, seem to 
have no relation to the effect^ produced; 
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the neoeauty of aekilfll^Mtjr^wlMit 
secret cense’ she renames Ninga ta profMigftte 
their kinds* 

This qaestion b vety different ffom the first 
-and second. It admits of nice scrutiny,! and 
even aUowa ns to employ the powers of.ims^- 
nation. It is, therefore, by no means insolvabte; 
for it .belongs not to a general cause. Neither 
is it solely a question of fact: and if we can 
conceive a method of reproduction, depending 
on primary causes, or which, at least, is not re* 
pugnant to them, we ought to be satbfied with 
it ; and the more relation it has to the other ef- 
fects of Nature, it will rest upon a firmer basits. 

By the nature of the question, then, we Are 
permitted to form hypotheses, and to choosathat 
which appears to have the greatest analogy to the 
other phmnomena of Nature. But we ought to 
reject every hyf|||thesi8 which supposes the thing 
to be already accomplislied ; such, for example, 
as that which supposes the first germ to contain 
all the germs of the same species, or that evtory 
reproduction is a new creation, an immediate 
effect of the will of the Deity; for all hypo- 
theses of this kind are mere matters of fact, con- 
cerning which it is impossible to reason. We 
must likewise r^ect every hypothesis 'wIitoiNvis 
founded on final causes, such as, that repn^nc- 
tion is ordained in ordec^to replace the.livtdg 
for the dead ; that the earW may always be co- 
vered with vegetables and peopled with animals ; 
that men j may be suppli^ with abundance of 
nourUhnient, &c. ; for such hypotheses; in place 



atad irfiorid>aSihkttied. W« ought, ai -tlii^Wide 
tifhe, to > diiiBpii» tboie geneml 'asrkmis 
i^al ptobletus, ao frequeikly endao ifijudl^dli^, 
employed as principles by some, pliilbsophets, 
sueb as,< •* Nulla foecundatio extra corpda^* 
every living creature proceeds from. an egg'; ge- 
neration always supposes sexes, &c. These 
maxims must not be taken in an absolute mnse ; 
they signify no more than that the thing hap- 
pens nl<He commonly in this manner thaitim 
May (other, 

< Let us then endeavour to find an hypothesis 
that Vvill be liable to none of these defects or in^ 
cnmbronces; and, if we shall not subcecd ili ex- 
platniog the mechanism employed by Nature 
foir the reproduction of beings, we shall, at least, 
tie -able to approach nearer to the troth than we 
have hitherto reached. 


' In the same manner as we make moulds by 
wlfieh we can bestow on the external parts of 
bodies whatever figure we'please, let us suppose, 
that'Nature can form monhis by which she be- 
stows on bodies- both an external ' and internal 
fi^rO; would not this be one. method by wfaieh 
reproduction might be effect^.ls^ 

'■Let us first consider whei|heitithw;.8upposHion 
be welbfounded'; let us examine whether it' con- 
:tiitiis =any thing that ' is ^bmrd or contradic- 
tbiyj'.^and then - we shall discover what coffs^ 
qw^fuei^B^m'ay be dravm fi:oiQ it; ' Though dur 
seutea riMsh not bdyppd the eact^nal ipatrts of 
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bodi«Si Yile^ idl^ of st^r 'OifiereOt 

figOres and external affeOiaDliB, ottdWo'baiui iul^ 
tate Nature, bjr representing exterttal figures in 
difi^nt ways;- as by painting; by sculpture, a^d 
by iROttIds. But, though our senses* be liibitod 
to exteraal qualities, we know that bodies j^s- 
sess internal qualities, some of which are gene- 
ral, as gravity . This quality or power acts not in 
proportion to the surfaces, but to the masses. Or 
the quantities of matter. Thu^ there are in Na- 
ture powers, and even of the most active kind, 

, which penetrate the internal parts of matter. We 
are unable to form distinct ideas of such quali- 
ties; because, not being external, they fall not 
under the cognisance of our senses. But we can 
compare their effects, and may draw analogies 
from them, in. order to account for the effects of 
similar qualities. 

If our eyes, instead of representing to os the 
surfaces of bodies only, were so constructed as 
to perceive- their internal parts alone, we should 
then have clear ideas of the latter, withOnt 

9 

knowing any thing, of the former. Upon this 
' supposition, moulds for the inlernal coustithtion, 

' which I have supposed to be employed Hy Nw^ 

^ inrej would be equally obvious and easy to ebn- 
ceire as moulds for the exteraal figures’ of ltd- 
died i and tve should then be in a cofi(Jitioh to 
imitate the internal parts gf bodies, as we no# 
imitate the external* These internal mbblds; 
though bey ond our 'reach, may bC ih the possea^ 
sion 6f Nature, as she endows bodies’ with 
vity, which jpenetrates-- every paftidC of khat- 
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of inteiufili mooldsbeiug 
tliiK &op4«4.,i9o ,aifti4figyM let us next. examine) 
wl^ether it ^injroWee any /contradiction.. , 

,lt mity be. alleged, that the expfewion ia/tr- 
nal fowldt includes twq opposite and uoptradiOf 
tofjr ideas for the idea of a mo^ re^ateb only 
to the surface } but the idea of intermd, itere 
employed, has a i elation to the whole mass} and 
therefore we might, 'with equal propriety, talk ui 
a massy surface as^of an internal mould. 

I allow, that, when ideas are attempted to he 
represented which have never been expressed, 
we 9fe sometimes obliged to use terms that are 
apparently contradictory. To avoid this iuoon* 
venience, philosophers have been accnstomed to 
employ unusual terms, instead of those which 
have a received signification. But this artifice 
is of np use, when we can show, that the seem- 
ipg contcacUctioii lies in the words, and not in the 
idea. A simple idea, however, cannot include 
a pontradictiou ; i. e. whenever we can form an 
idea^of a thiug, if this idea be simple, it cannot 
be complex j it can include no other idea ; and* 
of.Qmana,,itcaa uontovu nothing that is opposite 
orcontrmlictory. 

pSimple ideas are not only ,^e first apprelia^ 

si^anecciir^ by the aenses, l^pt thq fir&t oom-, 
Pdnww. vjfiuch we form of {dilute apj^elwtt*. 
ifionf: ^for.the first apprehension is always the re- 
8ql|||,cf comparison. The idea of the largeness qr 
d|^n^<|e^o^an qbjeot necessarily implies a com-, 
pjS)qipQp,,v^th hvlk or dislaapeJku general. , 
wliy^ftan IHea includeq.oothing ippre than com-., 
parison, it ought to be regarded as simple j and. 
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«%•.* •* rmniui^'tat 

speeies; < Tllewilrte 

tfa« mm or g>Ayity;' t»iiifch thytofajfr 

nal iMtfts of fXtdies.* ' f iltido^stAiiijb’YhO 
an mternrf ,inolcM to be r^tivo to gmvr^ j 
therefore, te itlnctiides only a cotttpariscMi, kIMtft 
imply no contradiction. 

Let na now trace the consequences wbitA 
may be drawn from this supposition $ let ns liro* 
wise investigate such tacts "aS may coitesptAid 
, with it ; and the more analogies we can ctdiect, 
the supposition will 'be rendered the more proba* 
ble. We sliall begin with unfoMing the idea of 
internal moulds ; and then explain how it may 
lead us to conceive the mode of reprodocs 
tion. 

Nature, in general, appears to have a grentdr 
bias towards life than death : she seems anxioUs 
to organize bodies as much as possible. Of this 
the multiplication of germs, which may be infi* 
nitely increased, is a convincing proof; and*|t 
may be safely affirmed, that, if aU matter is not 
^organized, it is only because organizedl' b0in|pi 
djestroy one another; for we can itiotenso at 
|^|sasare the number of animals and vegetableir; 
bnt we cannot augment the quantity of otOMis*ur 
of dead inattof$ ^wlnch seems to indicate*, ‘ttatt 
the most ordinaiy and ffimiliur opemtinn of HtM 
tore is the prodnction of or^ntaed* bodies $ btsd 
here her power knows no limitation. > ' *>' 

To render this idea more plain,' we -abhlf'Oklv' 
Cnlate what may be produt^M by a gomi. 
'ilte seed of an elm, which weighs not above the 
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toton 

ci^a th^iln 

wiU,b««» fmdoffuit 
HN^ jrcuw more; vUt consist of 
ritm in the space of liO y«an^ nsece than 
l(hOOO otthia ficuhoms of oi^paoiaed pkatter are 
produced. • Ten years after* wn shall have 
iQilQOtKOOft of fathoms, without including^ the 
aonnal’ increase of 10,000, which would amount 
to 10(^000 more ; and, in ten years more, thenum* 
berofcnbic fathoms would be 10,000,000,000,000. 
Henee, in 1 30 years, a sin^e germ would produce 
a/masS.of organized matter equal to 1,000 cubic 
leagues; for a cubic league contains only about 
1<^QOO,000,000 cubic fathoms. Ten years aflber, 
this mass would be increased to 1,000 times 1,000 
leagues, or 1,000,000 of cubic leagues ; aud in ten 
more, it would amount to 1,000,000,000,000 
cubic leagues ; so that, in the space of 130 years, 
the whole globe might be converted into qigaa* 
ized matter of a single species. Nature would 
know no bounds in the production of organized 
bodim, if her progress were not obstructed by , 
muster .which is not susceptible of organization ; 
aQcMbis is a full demoiistratjcjn that she has oq 
tendency to increase brute ma|^r,> thqt hen atde 
ohiieot i^.the multipiicatiou ofo^j|p^ bgjjfigii; 
andAhat, in this operation, she never atofw^iit 
when iiresMittble obstacles occpr. What we ha^w < 
rmnarked conceruing the seed of an elm maiy 
ea(iCnd(«fl,ito any other, genh; and.it would* he 
easy ahh*t, that, by^i^atching . all the eggs 
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wliiob are prodoced by hens for a coarse of thirty 
years, the unmber of fowls would be so great 'as 
to cover the whole surface of the earth. 

Calcalations of this kind evince the tendency 
of Nature towards the production of organizeNi 
bodies, and the facility with which she peribnns 
the operation. But 1 will not stop here. ’In', 
stead of dividing matter into orgaidxed and brute 
mutteTr the general division ought to be into 
livhitg and dead matter. That bnde matter ‘\e 
nothing hut matter produced by the death of 
animals and vegetables, might be proved firom the 
enormous quantities of shells, and oilier relics of 
living bodies, which constitute the principal pdrts 
of stones, marbles, clays, marls, earths, turfe, and 
other substances that are commonly reckoned 
brute matter, but are, in reality', composed of do* 
cayed animals and vegetables. This doctrine 
will be farther illustrated by the subsequent re* 
marks, which appear to be well founded. 

Tite great facility and activity of Nature in 
the production of organized bodies, the eRist^ce 
of infinite numbers of organic particles* tvtiiob 
constitute life, have been already shown. We 
now proceed to inquire into the principal causes 
of 'death and destruction. In general, beings 
' which have a power of converting matter into 
their own subsipnees, or of assimilating the parts 
of othef beings, are'the greate'it destroyers. Fire, 
for example, which converts «linost every species 
of matter into its own substance, is the greatest 
sorirce df destruction that we are acquainted 
with. Animals seem tQi partake of the natuM'of 
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flame ; thdr internal heat is a species of fire ap> 
proacbing to flame. Accordingly, animals are 
the greatest destroyers j and th^ assimilate and 
convert into their own substance all bodies which 
can serve them for nourishment. But, though 
these two causes of destruction be considerable^ 
and their effects tend perpetually to the destruc* 
tion of organized bodies, the cause of reproduc* 
lion is infinitely more active and powerful. It 
even seems to derive, from destruction itself, 
fresh powers of multiplying; for asumilation, 
which is one cause of death, is^ at the same time^ 
a necessary mean of pr&ducing iife< 

' The destruction c^ oiganized bodies, as has 
been remarked, is ohly a separation of the or- 
ganic particles of which they are composed. 
These particlea continue separate till they be 
again united by some active power. But what is 
this power? It is the power, possessed by 
animals and vegetables, of assimilating the matter 
of their food ; and is not this the same, or nearly 
connected with the same power which is the 
cause of reproduction ? 


VOt. li. 





CHAP. Ill 


Of Nutrition and'Growtk* 

AN animal bo 4 y is a kind of internal moufalr 
in which the nutritire matter is so asmmihited to 
4 he whole, that, without changing the order or pro* 
portion of the parts, eaclr part receires an aug* 
nenti^OD. This increaseef hnlk bas^ by some 
philosophers, been called a& expansien or un* 
folding of tbe part^ because they fiuicied they 
had accounted for tbe phsanomenon, by tiling 
us^ Aal the form of an aaMinal in enfoiya was 
the same as at full maturity, and that, therefore, 
il wae easy to conceire how its parts should be 
propmrtkiially unfolded and augmented by tbe 
addition of accessoiy matter. 

But how can We have a clear idea of dds 309* 
mentation or expansion, if we oonnder not tbe 
bodies of animals, and each of their parts, siS so 
numy internal moulds which receive the acces> 
soiy matter in the order that results from their 
position and ^mcture'? This expansion cannot 
be effected simly by an addition to the snnfoeea 
but, on the contnuy, by'ap intus-susception, or 
by penetrating the whole 'mass; for the’^ske of 
tin part is augmented proportkmally, whhoaft 
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changing its foim. Hence it is necessary, that 
the increasing matter must, in some manner or 
other, intimately penetrate the whole part in all 
its dimensions: it is equally necessary that this 
petfetration should be effect^ in a fixed order, 
and proportion, so that’ no internal point receWe 
more matter than another; otherwise soipe parts 
would be more quickly unfolded than others^ 
which would entirely* change their figure. What 
can thus regulate the accessory matter, and force 
ie to arrive ecjuaily and proportionally to every 
mtemal point of the body, if we have not. re*v 
conrse to an internal mould ? 

The bodies of animals and of vegetables, there^ 
fore, consist of intenial moulds, which uniformly 
preserve the same figure. But thek masses 
8»y receive a proportional increase, bytbe.mt* 
pauston of the moulds . in all their diroenaionsi, 
both internal and external ; and this expansion 
is eflected by an intos-susceptkm of an acces* 
soiy and foreign matter, which intimately pe* 
netrates the whole, and assumes the same forua 
and identity of substance with tiie matter of the 
nMolda themselves. 

. But what is the natore of that matter which 
an :animal or a vegetable assimilates to its own 
sabataa c e ? What bestows on it that force and 
activity which enables it to .pcne||Xle the inter* 
mdsnottld? If sQcfi a. poweif exists, inustit att 
be similar to that by ‘which the mould itself is 
capd>le of being reproduced ? 

These, throe questions iimlude the whqle snb* 
ject, and appear to depend on one another; for 

S c d 
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it is impossilile to explain, in a satisfactory toatf* 
ner, the reproduction of animals or vegetafdes, 
if we have not a clear idea how the operation 
of nutrition is-performed. Each question^ there- 
fore, demands a separate examination, that wO 
may be enabled to compare their results. 

The first, which regards the nature and qua-- 
lities of the nutritive matter, is in part resolved 
by the preceding reasonings, and shall be. clearly 
unfolded in the subsequent chapters. We 
shall show, that there are in Nature infinite 
Itiumbers of living organic particles ; that Nature 
produces them without any expense, because 
their existence is constant and invariable ; that 
the causes of death disunite these particles onljr, 
but do not destroy them. Thus the matter 
assimilated by an animal or vegetable, is an or- 
ganic matter of the same nature with that of 
the animal or vegetable, and, consequently, m;^ 
augment the size without changing the figure or 
the qualities of the original moulds; because it 
has the same qualities and the same form with, 
the matter of which, the moulds themselves are 
composed. Of the quantity of*' aliment taken 
.by an animal to support its life and to maintain 
the vigoor of its organs, and of the juices ab^ 
sorbed by the roots and leaves of a plant, a grdat 
part is rejected by transpiration, by secretions; 
and by other exc^etories dnd a small portiott 
only is retsuned for the nCqrisbment and expan- 
sion of the parts. It is mcttemely probable, that, 
in the bbdlbsof animals and (d vegetables, a se> 
paratioii is made between tlie briUe pairticles of 
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the Aliment end the oi^anic,; that the former ace 
carried off by the methods just inentio^lbd ; that 
nothing, but the organic particles remain ; and 
that they a^e distributed, by means of some ao> 
tive powerj^ the different parts, in a proportion 
80 exact, that neither more nor fewer are- ap- 
plied.tban answer the purposes m nutrition, and 
of an. equal growth and expansion. 

As to the second question, What is the nature 
of that active power, which enables the organic 
matter to penetrate and combine with the inter^ 
ntd mould ? It is apparent, from the preceding 
chapter,, that powers exist in Nature, like that of 
gravity, which affect the most internal parts of 
matter without having the smallest relation to 
its external qualities. These pdl^ers, as formerly 
Aibserved, are beyond the reach of our senses; 
hecause their action is exerted uponAhe intimate 
stroctuioe of bodies. It is evident, therefore^ that 
we can never obtain a clear idea of them, nor 
of their mode of acting. Their existence, how- 
ever, is. not less certain, than tliat, by means of 
them, most natural effects are produced, espe- 
cially those of nutrition and Sponsion, which 
must i}e owing, to a cause that penetrates the 
mqst intimate recesses of the .original moulds; 
for, in the same manner as^gravity pervadeathe 
whole pi^ts of matter, the powei^ whic’h pushes 
forward or attracts the organic particles of. food, 
penetrates the internal parts of organized bodies ; 
and. as these bodies, have a .certain, form^ which 
we have distiugnished by the appellation of 
internal moidds, the organic particles, puslied 
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on by the action of this penetrating force, 'ififltf 
enter in ^ order reIative*to this form, and Cdn- 
sequently cannot alter its figure, but only aug> 
ment its bulk, and give rise tb the growth' ttnd 
expansion of organized bodies : anw if, in the 
organized bodj^ thus expanded, there be some 
particles sirail^to the whole, both internally and 
externally, these parts will become the source of 
reproduction. 

Let ns now examine the third question, 
namely. Is it not by a similar power that the in- 
ternal mould itself is reproduced? This power 
appears to be not only similar, but the very same 
with that which is the cause of expansion and re- 
production ; for, in ah organized and expanded 
body, nothing filNher is necessary for the repro- 
duction of a new body similar to itself, than that 
it should contain some particle every way similar 
to the whole. This particle, at its first separa- 
tion, will not present to our eyes a sensible figure, 
by which we can compare it with the' whole 
body. But, when separated from the body, and 
put in a situation to* receive prog^ nourishment, 
this similar particle vritl begin to expand and to 
exhibit the form of an entire and independent 
being, of the same species with that from which 
it was detached.; Thus, a willow or a polypus, 
as foey contain a^ larger proportion of particles 
similar to tiie whole, thito most other substanms, 
when cut into any indefinite number of pieces, 
each segment becomes a new body simitar to the 
parent from which it was separati^. 

Now, in a body of which all. the particles are 
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simijlar to itself the organization is the most 
simply as has been remarked in the 0nt chap- 
iter; for it is only a repetition of the same form, 
a CKMigeries of figures, similarlj^ organized. It is 
ior this reason that the most simple boilies, the 
most impcrfoct species, are most easily and m(Mt 
abundantly reproduced. But, if an organized 
body contain only fow particles similar to itself, 
as these alone are capable of a second expansion, 
its power of reproducing will be botli more dif- 
ficult, and more circumscribed as to the number 
produced. The organization of bodies of this 
last kind is also more* complex, because it pos- 
sesses fewer parts which are similar to the whole ; 
and, therefore, the more perfectly a body is or- 
ganized, its power of reproduqi^ion will be pro- 
portionally diminished. 

Ja tliis manner we discover nourishment, 
growth, and propagation, to be effects df the 
same cause. Organized bodies are noprisbed by 
the particles of aliment which are similar to them ; 
■they grow or are expanded by absorbing those or- 
ganic particle^ which correspond to their own na- 
ture; .and th^ propagate, l^cause Utey contain 
some organic particles similar to' themselves. It 
only remains to examine whether these similar 
organic particles are extiwted from the food, or 
hav^e a primary and independent, existrace in the 
bodies themselves, If We suppose the fetter, we 
recur to the infiiiity of nmiliur parts oie germs 
contui^ witliin ^h other, an hypothmis which 
we have already shown tq be replete with diffi- 
culties and . absurdities, We must, therefore. 
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maintluo, that the timilar parts are' extracted 
from tbe-food ; and, after what has been said* on 
the sttlyect, we hope to be'^ble to explain the 
manner of their^ absorption, and how the more 
minute organic particles which compose them 
are united, 

We formerly remarked, that the organic parts 
of food were separated from^ those which have no 
analogy to the anim^ or vegetable, by tran- 
spiration and other excretions. The first re* 
main, and serve to expand and nonrish the body : 
but these organic parts must be of very different 
species ; and, as each part of the body receives 
only a proper number of those which corre- 
spond to it, the surplus, it is natural to imagine, 
will be returned from all parts of the body, and 
be collected in one or more rcservoirsij| where they 
will unite and form small organic bodies similar 
to the first, and which require nothing but pro- 
per circumstances for expanding and becoming 
new individuals of the same species } for, as all 
parts of the body^send off organic particles simi- 
lar to those of which tbemselves^me composed, 
the result of their uniou must he^e production 
of new organized bodies similar to the .original. 
'Hence we may conclude, that this is the reason 
why organized bodies, during the time of their 
growth and expansion, are: seldom - or aewr ca- 
pable of reproducing j because :the growing* parts 
absorb the whple orgauic pu:(ic]ns present^*: to 
them, and, no surplus being sent from difiep- 
eat parts of the body, propagation beoQmes, of 
course, impracticable. 
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This iiccount of nutrition, and of foproduc-' 
tion, wiH not, perhaps, be received by’those phi- 
losophers who adttiit only a certain hattaber of 
mechanical principles, and rgect every thing as 
false which depends not upon them ; and, as the 
explication now given of nutrition arid repro- 
duction has no connexion with any of these 
principles, they wiU conclude that it deserves 
no credit. But 1 think very differently Irom 
these philosophers. In admitting only a few 
mechanical principles, they consider not bow 
much they contract the bounds of philosophy, 
and how few phenomena can, by this narrow 
method of thinking, be fully explored^ 

The notion of explaining all the appearances’ 
in Nature upon the principles of mechanism, is, 
doubtless, fi, great exertion, and was first at- 
tempted by Des Cartes. But it is, at least, an 
untenable project ; and, though it were otherwise, 
we are unable to put it in execution. These 
mechanical 'principles arc, the extension of mat- 
teiV 'its impenetrability, its n\ption, its external 
figure, its dii^bility, the cbinmuni cation of mo- 
tion byrimpu^, by the action of springs, &c. 
These lideas we have acquired by our senses, and 
we regard them as principles, because they *are 
gMWrafc and* common to all ‘matter. But' are we 
certain that matter possesses^eio otlier' qualities 
Ottg^t we not rather- to believe that these qua- 
liti^i.!whiulii wd^UfSume for principles, are only 
modee;c»f perception ; and that, if the conform- 
atioiv'fof ' dun f senses were different, we would 
recognise qualities in matter very difierent fr«>m 
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tiiOM above enutnerated^,. . It io pro^mptuous to 
deny eyei 7 -quality to matter but those we are 
acquainted with. Many geOerar qualities^ peiv 
haps, remain to be discovered; and many may 
exist which will for ever elude human discern* 
inent. The cause of impulsioni of cohesion; or 
of any other mechanical principle, will always 
continue to he equally insgrntable as that of at- 
traction, or of any other general quality. Hence 
it may be concluded, that mechanical principles 
are nothing else than general effects which ex- 
perience has enabled us to remark in matter; 
and that, whenever we shall discover, either by 
reflection, by analogy, or by experience, a new 
general effect, it will become a new mechanical 
principle, which may be employed with equal 
advantage and certainty as any of thjpse that are 
already known. 

The defect of Aristotle’s philosophy was the 
employing particular effects as causes ; and that 
of Des Cartes consists in the rejection of every 
cause, but a few general effects. To use nothing 
as causes but general effects, t^endeavour to 
augment the number of these, ana to attempt to 
'generalize particular effects, would constitute the 
most perfect principles of genuine philosophy. 

Tn my theory of expansion and reproductioii, 

I first admit the mechanical principles, then the 
penetrating force of gravity, and, from analogy 
and experience, 1 have concladdd the existence 
of other penetrating forces peculiar to organized 
bodies. 1 have proved, by fVicts, that matter Itas 
a strong tendency towards organization; and 
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that there are in Nature tui in6nite number of 
organic particles. 1 have, therefore, ouljr gene* 
raltzed particular observations, without advancing 
any thing contrary to mechanical principles, 
when that term is used in ita proper sense, as de* 
noting the general effects of Nature. , 
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CHAP. IV. 

Of the Generation Af Animals. 

AS the organization of man, and of other 
animals, is the most perfect, and the most 
complex, the propagation of them is likewise 
most difficult, and the number of individuals 
is less abundant. 1 except here such animals 
as can be multiplied by a separation of their 
parts, or without the aid of generation, these 
having been sufficiently treated of in the preced-p 
ing chapter *, 

But how will the -theory delivered in the former 
chapter apply to the generation of men, and 
other animals, who are distinguished by sexes? 
We understand, ^m what has been said, hpvv 
every individual may reproduce; .^ut we cannot 
conceive how two individuals, the diie a male, 
> and the other a female, should uniformly produce 
a third. 

Before replying to this objection, I must ob- 
serve, that the writers on this subject have con- 
fined their ideas solely to,the generation of men 

* llere the author gives an unnecessary recapituliitioa of 
chap. iii. to which the reader is referred. 
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and of animals,; without attending to the nature 
of reproduction in general: and as the generation 
of animals is the most complicated species of re* 
production, they have laboured under great disad- 
vantages, not only by attacking the most difficult 
point, but by leaving themselves no subject of 
comparison to enable them to illustrate the ques> 
tion. To this circumstance I chiefly attribute- 
the unsuccessfulness nftheir attempts. But, by 
the method I haveob^lTved, 1 am persuaded that 
I shall be able to give a satisfactory explanation 
of every species of reproduction. 

Let the generation of man serve as an example. 
To begin with infancy. 

The expansion and growth of the different 
parts of man’s body being effected by the inti- 
mate penetration of organic particles, analogous 
to each of these parts, all the organic particles, iii 
f^arly life, are absorbed, and entirely employedc 
in unfolding and augmenting his different mem- 
bers; He has, of course, little or no superfluous 
particles, till his growth be completed. It if 
for this' reason that infants ^re incapable of pro- 
pagating. Jpdt, when man’s body has n^rly 
attained its full size, be requires not the samp 
quantity of organic particles} the surplus is, 
therefore, sent from all parts into reservoirs des- 
tined for their reception. These reservoirs are 
the testes and seminal vessels. At this very 
penod, when the groWth of the body is nearly 
finished, puberty commences, and every phse- 
nomenon attending it discovers^ a superabundance 
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of noorisbineiit: the roice changes into a deeper 
tone; the beard begins to appear, and' of her parts 
of the body are covered with hair; the parts des- 
tined for generation are suddenly expanded; the 
seminal fluid fills the reservoirs prepared for its 
reception, and spontaneously escapes from the 
body during sleep. This superabundance is still 
more evident in the female: it discovers itself by 
a periodic evacuation, which begins and ter- 
minates with the facttlty^f propagating, by a 
quick increase of the breasts; and by a change 
in the sexual parts, which shall be afterwards 
explained *. 

1 conceive, then, that the organic particles 
sent from all parts of the body into the testicles 
and seminal vessels of the male, and into the 
evarium of the female, compose the seminal 
fluid which, in either sex, as formeriy observed, 
« a kind of extract from the several parts of the 
body* These organic particles, instead of unit- 
ing and forming an individual similar to that in 
whose body they are contained, as happens in 
vegetables, and some imperfect animals, cannot 
accomplish Uiis end without a mi^re of the 
fluids of both sexes. When this mixtwe is made, 

' if .the jBffganio. particles of the male exceed those 
«i|[.|lig feipdp, thf totttlt is a male; and if those 
of tha feon^e (dptupd most, a fenmle is geoe- 
ratfd* , I mean not that the ot:gaaic particles ef 
the ipale or of^^hf^female could singly piodiiee 


* btlow dwfNst.Hish «f Mss, cftap. m 
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ittdividuats: a concurrence or union of both is 
requisite to accompli A this end* Tliose small 
moving bodiesj called spermatk mimais, which, 
by the amistance of the microscope, are seen in 
the seminal fluids oi hll male animals, are, per- 
haps, organized substmices proceeding from the 
individual which contains them; but, of them> 
selves, they are incapable of expansion, or of be- 
coming animals simll^ to those in whom they 
exist. We shall afterwards demonstrate, that 
there are similar animalcules in the seminal fluids 
of females, and point out the place where this 
fluid is to be found. ' 

It is probable, that these organic bodies are 
only the first rudiments of an animal, containing 
nothing but its essential parts. We shall not 
enter into- a detail of prooft on this subject, but 
content ourselves with remarking, that the oiga> 
nization of Uiese pretended spermatic animds'may 
be very imperfect; or rather, that they are tiie 
living organic particles mentioned idmve, winch 
are common both to vegetables and .to animals; 
or, at most, that they are only the first junction 
of the8e«pa^icles. 

But, to return to our subject. It may be a^ed, 
how is it possible that the s«q»erflabttS atgunie 
particles slmuld be detached fiatti all jpaitt af tiMr 
body, and unite upon the miattire af the laafo 
and fismale fluidsl BaaidiM,*are We certain ghat 
sttHta aahitare ttdcM placet ffimlt act been main-' 
tained, that the female fafnigMS no fluid of tbis 
kind? l8t| ao estaUMiedfeaCt that the male fluid 

enters t|ht Varus? fee. 
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To the first question I reply, that, if what I 
have said concerning the penetration of the in- 
ternal mould by the organic particles, in growth 
and nutrition, had been properly understood, it 
w'ould be easy to conceive, that, when these par- 
ticles are unable to penetrate the parts into which 
they formerly entered, they must take another 
route, and, of course, arrive at some other part, 
as the testicles and seminal vdtsels. Every attempt 
to explain the animal economy, and the various 
motions of the human body, by meclianical prin- 
ciples alone, must be vain and incfiectual: for it 
is evident, that the circulation of the blood, mus- 
cular motion, and other functions of an animated 
body, cannot be accounted for by impulsion, or 
by any of the common laws of mechanism. It 
is equally evident, that growth and reproduction 
are effects of laws of a different nature. Why, 
then, do we refuse the existence of penetrating 
forces which act upon the whole substances of 
bodies, when we have examples of such powers 
in gravity, in magnetic attraction, in chemical 
affinities? Since," therefore, we are assured by 
facts, and by a number of constant and uniform 
.observations, that there are powers in uathre 
which uact not by impulsion, why are not tliese 
powers ranged among mechanical principles? 
Why. do wof reject them in the explanation of 
effects which they ale^known to produce? Why 
are we desirous of^eftiployihg the power of com- 
pulsion only? 'Is not this 'equally absurd as<to 
jodge of«painting by-the touch; toe^lainthe 
]>hienomeqa which belong tO'.Hfae .nmmrhy those 
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that relaite only to the surface; or to tiseohe ^se 
in place of another? It is limiting the reasoning 
facnlty to a small numbet of mechanical prin- 
ciples; which are by no means sufhcient to ex- 
plain tHe various effects of Kature. 

Butj if these penetrating forces be admitted; 
is it not natural to imagine; that those particles 
wliich are most analogous to one another will 
unite in the most in'timate manner; that each 
part of the body will appropriate those which are 
most agreeable to its nature; and that the whole 
superfluous particles will form a seminal fluid; 
which shall contain all the organic particles ne- 
cessary for forming a small organised body, simt- ' 
lar in every respect to that from which the fluid 
is extracted ? May not a force similar to that 
which is the cause 'of growth, be sufficient to 
collect the superfluous organic particles, and be** 
stow on them the flgure of the body from which 
they proceed ? 

That our food contmns an immense dumber of 
Organic particles, requires no formal proof $ 
since we afe solely nourished *by animals and 
vegetables, which are orgaiiixed' substances. In 
the fltonnach and intestines, the gross parts of the 
aliment are separated and rejected by the excrc-< 
tones» The chyle, which is a purer part of the 
aliment, is absorbed by the lacteal vessels ; from 
thence it is carried into the mass of blood, and, in 
the course of circulation, it is more and more re- 
fined, the anorganic and useless particles being 
thrown by transpiration and other secretionac 
but the wjlmte particles are retained, because 

VOL. II. S D 
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they are analogous to the blood, and are attractcct 
by it. Hence, as the whtde mass of blood passes 
several times through the body, during the course 
of this perpetual circulation, I suppose, that each 
particular part, attracts those particles which are 
most analogous to it, and allows the rest to move 
on. In this manner all the parts are nourished 
and unfolded, not, as is commonly imagined, by 
a simple addition of matter to their surfaces, but 
by an intimate penetration of substance, effected 
by a force which acts equally upon every point of 
the whole mass: and, after the difierent parts 
have acquired their utmoift growth, and are fully 
impregnated with similar organic particles, as 
their substance becomes then more dense and 
solid, I imagine that they lose their faculty of at- 
tracting and receiving the particles presented to 
them. But, as the particles continue to be dar- 
ried round in the .course of the circulation, and 
are no longer absorbed in such quantities as for- 
merly, they must, of necessity, be deposited in 
some particular reservoir, such as the testicles 
and seminal vesSelsi. When this fluid extract of 
the male is mixed with that of the female, the 
, particles which are most analogous to each other, 
being actuated by a penetrating force, unite and 
form a small organized body, similar to the one 
or the other sex; and this body, when once 
''formed, requires .bnly an expansion of its parts, 
an operation which is performed in the womb of 
the mother. 

We shall now consider the second question, 
namely. Whether the female has a seminal fluid 
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similar to that-of the male? In the./?r.r/ place, 
though such a fluid exists in females, the mode 
of emission is very different from that of the male, 
being generally confined within the body*. The 
ancients were so confident of the existence of a 
female fluid, that they distinguished the two 
sexes by their different modes of emission. But 
those physicians who attempt to explaivrgenera* 
tion by eggs, or by spermatic animalculesj insist, 
that females have no peculiar fluid; that the 
mucus issuing from the parts has been mistaken 
lor a seminal fluid; and that the opinion of 
the ancients on this* subject is destitute of 
fonndaliou. This fluid, however, does exists., 
and the doubts concerning it have arisen solely 
from attachment to systems, and from the diffi-^ 
culty of discovering its reservoir. The fluid 
which is separated from the glands about the . 
neck and orifice of the uterus, has no visible re- 
servoir ; and, as it flows out of the body, it is na> 
tural to think; that it is not the prolific fluid, 
because it cannot cooperate in the formation of 
the fioetus, which is performed within the uterus. 
The reservoir for the prolific fluid of the female, 
therefore, must be situated in a different part: it 
even flotvs abundantly ; though, like that of the 
male, a small quantity is sufficient to produce a 
foetus. -If a little of the male fluid enters the 
uterus either by its orifice ^r^jy absorption, and 
nieets with the smallest drop of the female fluid, 

* Quod iatra se seman jacit, fceinina vocatu? ; qnod in Kite 
jacit, mas. Aristot, de Animaiibus, art. 18. 

2 D 2 
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it is sufficient ibr the purpose of propagation* 
Thus, neither the observations of some anat6> 
niistSj who maintain that the seminal finid of the 
male can have no admission .into the nteras, nor 
the opposite opinion mmotained by their, an- 
tagonists, have any influence upon Uie theory 
wc are endeanrouring to establish. But the4iis- 
oussion of these points we leave to a future op- 
pOftNuity. 

Havipg obviated such objections as might be 
HuMe, let as attend to the evidences which con> 
car hi supporting our hypothesis. The first 
ariaa fimn the analogy between growth and re- 
production. It is impossible to give a satisfeo- 
tory account of growth or expansion^ without 
having recourse to those penetrating forces, those 
affinities or attractions, which we employed in 
explaining the formation of tlie small wgl^ic 
bodies, tliat are similar to the large bodies 
which contain them. A second analogy is de- 
rived from this circumstance, that both nutrition 
and reproduction proceed, not only firam ttie 
same efficient, blit fixHB the same material mnise, 
namely, the organic particles of food} and what 
■ proves the surplus of the nutritive particles to be 
the otMse of reproduction is, that ^he4>ody is not 
in a condition to propagate. tiU its growth be 
finished of this we have daily samples, in 
dogs and other annfl&lSi^who foUow, naoretdowiy 
than we do, the laws oV Nature i they havetta 
inclination to propagate tiH they have nea^y 
attained thw full growth* and by this we know 
whether the growth of a dog be finished; (x 
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lie sddom grows after being in a condition to go> 
lierate. 

Another proof that the seminal fluid is formed 
of tile stnrpltts of the nutritive particles, arises 
from the eomfition of ennnchs and other muti^ 
lated animals: in this nnnaturai state, animate 
grow fhtter thiui those who retain all their parts. 
Tlie superabundance of iintriment, having- no 
organs lor its evacuation, changes the whcd# ha* 
bit of their bodies. The knees and haunches of 
eunuchs grow uncommonly large. The redson 
is evident. After their bodies have acquired 
the common size, if the superfluons organic pw> 
tides found an issue, as in otlier men, the growth 
would proceed no farther. But, as tliey want 
organs lor emitting tlie seminal fluid, which is 
nothing but the superfluous nutritive particles, 
i^lemains in the body, and has a constant ten- 
dency to expand the parts beyond their natural 
size. Now, bones, it is well known, grow or ex- 
tend by their extremities, which are soft and 
spongy, and when they have once acquired so- 
lidity, they are incapable of farther extension : 
hence the superfluous organic particles can oidy 
enlarge the spongy extremities of bones; and 
this is the reason why the haunches, knees, &c., 
df eumichs augment to a disproportioned bulk. 

But the strongest proof of the truth of our pre> 
shAt doctrine arises firqm tlie resemblance of 
tflrildren to their parents. Sous, in general, re- 
'iemble- their fatliers more than their mothers, and 
daughters have a greater resemblance to their 
motners than their fathers; because, with regard 
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to the general habit of body,, a man resembles .r 
man more than a woman, and a woman refi^P 
bles a woman more than a man. JBut, as to .par* 
ticniar featnres or habits, children soinetimes re- 
semble the father, sometimes the mother, and 
sometimes both. A child, for example, will 
have the eyes of the father, and the mouth- of the 
mother, or the colour of-the mother, and the sta- 
turot of the father. Of siich phenomena it is 
impossible to give any explication, unless we ad- 
mit that both parents have contributed to the for- 
mation of the child, and, consequently, that there 
has been a mixture of two* seminal fluids. 

These resemblances long embarrassed pie, and, 
till I had maturely considered the subject of ge- 
neration, led me into many errors and prejudices : 
and it was not without much thought, a minutft 
examination of a great number of families, ai0 a 
multiplicity of evidence, that 1 could prevail on 
myself to alter my former opinion, and to em- 
brace what I now believe to be truth. But the 
objections which might occur concerning mulat- 
toes, mongrels, niules, and particular parental re- 
semblances, instead of opposing my theory, I 
despair not of being able to show that they bestow 
on it an additional strength, 

Jn youth, the seminal fluid is less copious, but 
more stimulating, Its quantity continues to 
augment till a certain-. age; because, in proper*- 
tion as we approach that age, the parts pf the 
body-become more solid, admit fewer nutritive 
particles, send back more of them to the common 
reservoirs, and, of course, augment the quantity 
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the seminal fluid. Thus, if the external or- 
^ns have not been used, middle-aged men, or 
even old me% procreate with more ease than 
young men. This is evidently the case with the 
vegetable tribes : a tree, the older it is, produces 
the greater quantity of fruit. 

Young people, who, by forced irritations, de- 
termine an iinnaturiil quantity of this fluid into 
the reservoirs prepat'ed fur its reception, immedi- 
ately cease to grow, lose their flesh, and at last 
fall into consumptions. The reason is apparent : 
they lose, by premature and too frequent e\'a- 
cuatious, the very substance which Nature in- 
tended for the nourishment and growth of their 
bodies. 

Men who are thin, but not emaciated, and 
^ose who are plump, but not fat, are the most 
v^^prous. Whenever the superabundant nutri- 
tive particles begin to form fat, it is always at 
the expense of the seminal fluid and other ge- 
nerative powers. When the growth of the dif- 
ferent parts of the body is complete, when the 
bones have acquired full solidity, when the car- 
tilages begin to ossify, and, lastly, when the parts 
almost refuse the admission of nutritive particles, 
then the fat augments considerably, and the 
quantity of seminal fluid diminishes; because 
the nutritive particles, instead of being sent back 
to the reservoirs, are arrest^ Ji in every part of the 
body. 

The quantity of seminal fluid not only in- 
creases till we arrive at a certain i^e, but it be- 
comes more thick. It contains, in the sante 
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bounds, a greater quantity of matter; Its specific 
gravity is nearly doul^e that of the blood j and, 
of course, it is Iieavi^ than ani| other animal 
fluid. 

To a man in health, an evacuation of this 
fluid whets the appetite : he soon finds the ne- 
cessity of repairing the loss by fresh nourish- 
ment. Hence we may conclude, that abstinence 
and hunger are the most effectual checks to lux- 
ury of every kind. 

Many other remarks might be made on this 
subject, which must be deferred till we come to 
treat of the history of roan : we shall, therefore, 
conclude with a few observations. Most ani- 
mals discover no inclination for the sexes till 
their growth be nearly finished; those which 
have but one season in the year, have no seufl^ 
nal fluid, except at that time. Mr. Needham * 
not only saw this i^uor forming in the milt of 
the CahnaTi but likewise the spermiitic auimals, 
and the milt itself, which have no existence till 
tlie month of October, when Uiis fish spawns on 
the coasts of Portugal, where Needham made 
the observation. After the spawning time is 
over, the seroinal liquor, the spermatic animals, 
and the milt, dry up, apd totally disappear, till 
the same season returns next year, when the su- 
perfluous nutritive particles renew the milt as 
formerly. The hiSbKv^of the. deer will furnish 
US with ■ an opportunity of remarking the various 

• ■ 

• * S®* Needham's New Microscopical Discoveries. Lon- 
don, I7«. 



OF ANIMALS. 


409 


efieets of ratting, the most conspicuous pf which 
is the extenuation of the animal; and, in those 
species of animals whose rutting and spawning 
happens but once in a year, the extenuation of 
their bodies is proportionally great. 

As women are smaller and greaker than men, 
as their constitutions are more delicate, and, as 
they take less food, it is natural to think that 
their superfluous organic particles should also 
be less abundant : of course, their seminal fluid 
will be weaker and smaller in quantity than that 
of men ; and, since the fluid of females contains 
fewer organic particles, must not a greater num- 
ber of males than of females result from a mix- 
ture of these two fluids ? This is really the case; 
and to account for it has hitherto been deemed 
impossible. The number of males born exceeds 
that of females about a sixteenth part ; and we 
shall afterwards see that the same effect is pro- 
duced by the same cause in all the different spe- 
cies of animals. 
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Exammalion 'of the different Systems of Generatiotu 

PLATO, in the l'ima*us, accounts not only 
for the gcneration of men, of animals, of plants, 
and of the elements, but even of the heavens 
and of the gods themselves, by images re- 
flected or extracted from the divine Creator; 
which images, by an harmonic movement, are 
arranged in the most perfect order, according to 
the properties of number. The universe, he’ 
says, is a copy of the Deity ; time, space, mo- 
tion, and matter, are the images or representa- 
tions of his attributes ; and secondary and par- 
ticular causes are results of the numeric and har- 
monic qualities of these images: the world, 
from its excellency, is the most perfect animated 
being. To give the world complete perfection, 
it .was necessary that it should contain all the 
other animals, or all the possible forms and 
representations of the creative power. Man is 
one of these forms. The essence of all genera- 
tion consists in the**iiis»jty and harmony of the 
number Three, or of the I'riangle, namely, that 
which generates, that in which generation is 
performed, apud the result, or that which is 
generated. The succession of individuals in the 
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spe cics is only a fugitive image of the immu- 
table eternity of this harmonic triangle, a uni- 
versal prototype of all existences, and of all ge- 
nerations. 

This philosopher paints only ideas. Disen- 
, gaged from matter, he flies into the regions of 
abstraction ; and, losing sight of sensible objects, 
he contemplates those of intellect alone. One 
cause, one end, one mean, compose the whole 
of his perceptions : God is the cause, perfection 
the end, and harmonic representations the means. 
This idea is sublime; the mode of philosophiz- 
ing is noble and fiill of simplicity ; but it is 
perfectly vacant, and affords no objects for spe- 
culation. We are not pure intelligences. We 
are unable to give real existence to our ideas. 
Chained to matter, or rather depending bn the 
causes of our sensations, it is impossible that we 
should realize abstractions. To Plato I might 
reply in his own manner, ** The Creator realizes 
every thing he conceives ; his perceptions beget 
existence : the created being, on the contrary, 
conceives nothing but by retrenching from re- 
ality ; and annihilation is necessary to bring forth 
his ideas.” 

Let us, without regret, therefore, confine our- 
selves to a philosophy more humble and more 
material ; and, keeping within the sphere which 
Nature has allotted us, Ic^* «is examine those rapid 
and daring spirits, vho attempt, though in vain, 
to fly beyond the limits of humanity. The whole 
of this Pythagorean philosophy, which is purely 
intellectual, depends upon two principles, the 
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one false, and the other uncertain ; namely, the 
real power of abstraction, and the natural exist* 
ence of final causes. To apprehend numbers to 
be real beings; to say that unity is a general 
individual, which not only represents all indivi-* 
duals, but even communicates existence to them ; 
to pretend that unity exercises the actual power 
of engendering another unity nearly resembling 
itself, and of creating two individuals, two sides 
of a triangle, that can have no connexion or 
perfection without a third side, which is neces- 
sarily produced by the other two j in fine, to re- 
gard numbers, geomctricaf lines, and metaphy- 
sical abstractions, as real and efficient physical 
causes, by which the elements are formed, plants 
and animals regenerated, and all the pha^no- 
mena of Nature produced, appears to be a most 
absurd abuse of human reason, and an invin- 
cible obstacle to the advancement of knowledge. 
Besides, nothing can be more fallacious than 
such chimeras. Supposing we should agree with 
Plato and Malbianche, that matter has no ex- 
istence, that external objects arc only ideal 
images of the creative power, and that we see 
every thing in the Deity himself j does it fol- 
low, that our ideas are of the same order with 
those of the Creator, and that they can produce 
real existences ? Are we not dependent on oUr 
sensations? WhetffeK^Jje objects which excite 
sensations be real or imagjinary, whether they 
exist without or within, whether it be God or 
matter that we every where behold, is to us of 
little importance: we are not less certain of 
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being uniformly af&cted in the same Qianuer 
by the same causes. The relations between our 
senses and the objects which affect them are 
necessary and invariable. It is upon this basis 
^ne that tiie principles of philosophy ought 
to be founded, otherwise our knowledge must 
be useless and fallacious. Can an harmonic 
triangle create the substance of the elements? 
Is fire, as Plato alfinns, an acute triangle, and 
light and heat two properties of this triangle? 
Are water and air rectangular and equilateral 
triangles? Is the form of tJic element of earth 
a square, because, being the least perfect of 
the four elements, it recedes as fur as possible 
from a triangle, without departing altogether 
from Us essence? Do males and females em- 
brace each other for no other purpose but to 
complete the triangle of generation ? These Pla- 
tonic ideas have two different aspects: in spe- 
culation, they seem to proceed from sublime 
principles •, but the application of them in prac- 
tice leads to nothing but false and.cliildish con- 
clusions. 

Is it difficult to perceive that our ideas origi- 
nate from our senses alone ; tliat the objects we 
regard as real existences are those concerning 
which the senses uniformly give the same testi- 
mony; that the objects we apprehend as having 
a real existence, are th^^x: which are invariably 
presented to us in the same manner; that the 
mode in which they present themselves has no 
dependence upon our will or inclination ; that, 
of course, our ideas, instead of being the causes 
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of things, are only particular effects, which be* 
come less similar to the objects themselves,' in 
proportion as they are rendered more general; 
and, lastly, that mental abstractions are only ne* 
gative beings, which derive their intellectual ex* 
istence from the faculty %ve possess of consider- 
ing objects without regaiiding their sensible qua- 
lities ? 

Is it not, therefore, apilarcnt, that abstract 
ideas can never be the principles of existence, or 
of real knowledge ? On the contrary, all our 
knowledge is derived from comparing and ar- 
ranging the results of our Sensations. These re- 
sults are known by the appellation of experieneCt 
the only source of genuine science. The em- 
ployment of any other principle is an abuse ; and 
every edifice founded upon abstract ideas, is a 
temple erected to Error. 

In philosophy, error has a more extensive in- 
fluence than in morals. A thing may be false 
in morals solely because it is misrepresented. But 
falsehood in metajihysic's consists not in misre- 
presentation alone*, b.ut in taking for granted what 
has no existence at all. It is into this most per- 
nicious species of error that the Platonists and 
the Sceptics have fallen. Their false suppositions 
have obscured the natural light of truth, bewil- 
dered the reasoning faculties of men, and re- 
tarded the progress ef^jhilosophy. 

Final causes are employed as a second prin- 
ciple by Plato and other theorists. This prin- 
ciple has even been adopted by the .vulgar-, and 
by some modem philosophers. A moment’s re- 
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flection, however, will be sufficient to reduce 
this principle to its proper value. To say that 
light exists because we have eyes, and tliat sounds 
exist because we have ears ; or to say that we 
have eyes and ears, because light and sounds 
exist; is not this precisely the same thing? 
or, rather, are we any wiser by this kind of 
reasoning ? Will we ever make any discoveries 
by such a mode of explication r Is it not ap- 
parent, that final causes are only arbitrary re- 
lations and moral abstractions, which ought 
to have less influence than abstractions in 
metaphysics, because the origin of the former 
is less noble and worse imagined ? And, though 
Leibnitz has endeavoured to give an elevation 
to final causes, under the appellation of the rea- 
sonableness and eternal fitness of things \i'aisou 
svj^santc}, and Plato has represented them 
under the flattenng picture of absolute perfec- 
tion; all these efforts are insuflicient to cover 
their native insignificance and prccariousnesi!. 
Are we better instructed in the operations of 
Nature, because vve arc told 4hat nothing exists 
without a reason, or that every thing is created 
with a view^to the iierfcction of the whole ? 
What is reasonableness or fitness? What is 
perfection ? Are they not moral beings, cre- 
ated solely by the human intellect ? Are they 
not arbitrary relations which we have contrived 
to generalize? They'^iave no foundation but 
in moral affinities, which, so far from producing 
any plu’sical or real existence, change the na- 
ture of truth, and confound the objects of our 
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sensations, of our perceptions, and of our un* 
derstandings, with those of our sentiments, of 
our passions, and of our wills *. 

Much more might be said upon this subject. 

* The translator thinks It his duty to apprise the reader, 
that here, as well as in several other parts of this work, the 
author makes an ingenious attack against the existence and 
utility of final caases. Every philosopher will admit the ab- 
surdity of employing a final cadse as a physical principle. 
M. de Buffon, if he meant only to expose the misapplication 
of final causes, had no occasion to betray so much warmth and 
anxiety about an object so appart^nt. But, like too many of 
our modern French writers^ he seems to neglect (hedistinc* 
tion between 6nal and physical eauses. Final causes regard 
the design or the utility of p'irticular whether that 

utility relates to inati, to the objects themselves, or to the ge- 
neral structure of the universe. But physical causes are li- 
mited to the explanation of particular effects, or modes of ex- 
istence. JP7ty were mountains, sea or insects created ? fV/tat 
useful purposes do they sorve ? I'or the solution of these, and 
similar quco^ions, final causes can alone be employed. But 
if it be asked, IIoiv were mountain:* and seas formed? 
I/ow were insects ori^'inally pioduccd; and /low are their 
diflercnt species propagated? Tliese are questions purely 
physical. 

It may be farther 'remarked, that final causes are the 
greatest stumbling blocks which lie in the way of atheists 
and materialists. They; accordingly, strain every nerve to 
remove them. But their forc'e is so irresistible; their num- 
bers arc so immense ; their beauties arc .so striking, and cor- 
respond so intimately with the ivarm and benevolent feelings 
of the heart; the concatenation and mutual dependence of alt 
created beings recognisable by our senses arc so apparent^ 
and so illustrious, that no pefi^ers of sophistry, no artful 
misrepresentations, no strokes of ridicule, will ever be able to 
diminish their influence, or weaken the force of those senti- 
ments which the Supreme Being intended they should excite ' 
in the breasts of his intelligent creatures. Final causes not- 
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Bat I pretend not to write a treatise on philo- 
sophy; and shall therefore return to physics^ 
from which the ideas of Plato, concerning uni- 
versal generation, have diverted my attention. 
Aristotle, who was as great a philosopher as 
Plato, and a better physician, instead of wan- 
dering in the regions of theory, collects facts, 
and speaks in a langnnge more intelligible. 

Matter, he remarks, which is only a capadty 
of receiving forms, assumes, in generation, a 
figure similar to tiie individual which furnishes 
it: aud, with regard to niiiuials which gene- 
rate by the intervention of sexes, he ima- 
gines, that the prolific principle proceeds solely 
from the male*: for, though, in another place, 
when speaking of animals in general, he says, 
that the female sheds a seminal fluid within 
the body, it appears, that he regards not this 
fluid as a prolific principle ; and yet he tells us, 
that the menstrual blood serves for the formation, 
nourishment, aud growth of the foetus ; but that 
the elHcicnt principle exists alone in the seminal 
fluid of the male, which acts not as matter but 
as a cause. Aven'hoes, Avicenna, and other 
philo.sophcrs who embrceed this opinion of Ari- 
stotle, have endeavoured to prove that females 
have no prolific fluid. They allege, that, as 
females are furnished with a menstrual fluid, 

i 

only demonstrate the existence of a Supreme Intelligent 
Power, but the infinite beneficence and minute attention 
of that Power to the happiness of those beings upon whom 
He has thought proper to confer existence. 

* See Aristot. de Gen. lib. i. cap. 20, and lib. ii. cap. 4. 
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which is both necessary and sulTicient for the 
purposes of generation, it is unnatural to sup* 
pose them possessed of any otlier, -especially since it 
begins to appear, like that of the male, at the age 
of puberty. Besides, they continue, if females 
really have a prolihc seminal fluid, why do they 
not produce without the initercourse of the male, 
since they contain the prolific principle, ^s well 
as the matter necessary for the growth and ex- 
pansion of the embryo ? This last reason is the 
only one which merits attention. The men- 
strual blood appears to be necessary for the 
growth and nourishment’ of the foetus; but still 
it may contribute nothing to its first formation, 
which requires the mixture of both prolific 
fluids. Females, therefore, like males, may 
have a prolific fluid for the formation of the em- 
bryo, as well as menstrual blood for its growth 
and nourishment. The imagination is not. unna- 
tural, that, as the female possesses both a prolific 
fluid extracted from all parts of her body, and 
likewise the means of expanding and nourish- 
ing, she should' produce females without any 
communication with the male. It must be al- 
lowed, that this metaphysical argument, used by 
the Aristotelians for proving that females arc 
destitute of a prolific fluid, may be urged as the 
strongest argn.ment against every system of ge- 
neration, and, in pai;^cu)ar, against that wlucii 
I am endeavouring to establish. 

Let us suppose, it may he said, that the super- 
fluous organic particles are sent from every part 
of the body into the testicles and seminal ve^ls 
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of the male, why do they not, by means of yonr 
imaginary attracting forces, form small organ- 
ized bodies similar to the whole? Why are not 
similar bodiei^ generated in the female, without 
any intercourse with the male? If you answer, 
that the male fluid contains only males, that the 
female ^flutd contaij|s only females, that both 
porisl\ for want of the circumstances necessary 
for expansion, and that) for the procreation of 
an animal, a mixture of both is requisite; may 
it not be demanded, why this most complicated, 
difficult, and less fertile mode of generation, is so 
invariably preferred by Nature, tliat all animals, 
with a few trifling exceptions, generate by the 
mutual commerce of sexes ? 

I shall content myself, at present; with reply- 
ing, that this is the motle actually employed by 
Nature; and, therefore, however complicated it 
may appear, it is, in fact, the most simple; be- 
cause, as 1 formerly remarked, whatever most 
frequently happens is, in itself, however it may 
seem to us, the most simple. 

Besides, the notion of the. Aristotelians, that 
females have no seminal fluid, cannot receive our 
assent, if wc consider the strong resemblance of 
children to their mothers, and that mules, mu- 
lattoes, and mongrels of every kind, uniformly 
resemble the mother more than tlte father; and, 
if it be farther considerc(i^ ■ that the generating 
organs of the female, like those of the male, are 
properly formed for preparing and receiving a 
seminal fluid, we shall be easily induced to be- 
lieve the existence of such a fluid, whether it re- 

£ <2 
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sides in the spermatic vessels, the testicles, or Cite 
ovaria, or proceeds, by irritation, from the la- 
cunas of De Graaf, which are situated at the 
neck and near the orifice of the uti^us. 

But we must examine Aristotle’s fdeas more 
fully, as, of all the ancients, this great philosopher 
has treated the subject of jgj gneration in the most 
extensive manner. He distinguishes animals 
into three classes: 1. -Those that have blood, 
and, with few exceptions, propagate by copula- 
tion > 2. Those that have no blood, and, being 
hermaphrodites, produce of themselves without 
copulation; and, 3. Those that proceed from pu- 
trefaction, and have no parents of any kind. I 
shall first remark, that this division is exceedingly 
improper: though it be true, that animals having 
blood are distinguished into male and female, it 
is by no means equally true, that bloodless ani- 
mals are, for the most part, hermaphrodites: for 
the only hermaphrodites we know, are land snails 
and worms; but we arc uncertain whether all 
shell animals, and all those which have no blood, 
be also hermaphrodites. This must be learned 
from the particular histories of these animals. 
And, with regard to those which are alleg^ to 
proceed from putrefaction, as Aristotle gives no 
enumeration of them, many objections occur; 
for most species, which the ancients believed to 
proceed from putrefac^jon, have, by the modcm.s, 
been discovered to procccd,from eggs. 

Aristotle makes a second division of animals, 
namely, into those which have the faculty of pro- 
gressive motion, and those which have no such 
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faculty. All animals who move, and have blood, 
are distinguished hy sexes : but those which, like 
oysters, adhere to one place, or hardly move at 
all, have no stiices, and, in this respect, resemble 
plants; and it is only, he observes, from differ* 
ence in bulk that they have been distinguished 
into male and femalet It must be acknowledged, 
that we are still uncertain wlieiher shell animals 
have sexes ; among ou sters, some individuals are 
fertile, and others not. The fertile individuals 
are distinguished by a delicate edging or border 
which surrounds their bodie.s, and they are called 
males *. Our observations on this subject are ex* 
tremely limited. 

But to proceed. The male, according to Aris- 
totle, contains the [n'inciple of motion, and the 
female the material part of generation. The or- 
gans destined for this purpose arc different in dif- 
ferent animals. Of these the testicles are the chief 
in males, and the uterus iq females. Quadru- 
peds, birds, and cetaceous animals, have testicles; 
fishes and serpents are deprived of them; but they 
have two canals for the reception and maturation 
of the semen : these parts, so essential to genera- 
tion, are always double both in males and females; 
and, in the male, they retard the motion of that 
part of the blood which goes to the forgiation 
of semen. This he proves from the example of 
birds, whose testicles swell considerably during 
the season of their amours, but afterwards 


* See Deslandes dam son Traits de la Marine. Paris, 17-1?. 
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diminish so much, that they can hardly be dis- 
covered. 

All quadrupeds covered with hair, and the ca- 
ctaceous fishes, as whales and dol^iins, arc vivi- 
parous: but vipers and cartilaginous animals are 
not properly viviparous; because they produce an 
egg within thi^ir own bodies, previous to the ex- 
clusion of the live animal, Oviparous animals 
are of two kinds; those whicli produce perfect 
eggs, as birds, lizards, turtles, &c., and those 
which produce imperfect eggs, as fishes, whoso 
eggs augment and come to perfection after they 
have been deposited in the water by the female: 
and, in every species of oviparous animals, except 
birds, tlie females are larger than the males, as in 
fishes, lizards, &c. 

After remarking these general varieties in tlw 
animal kingdom, Aristotle begins with examin- 
ing the opinion of the ancient philosophers, that 
the semen, both of the male and female, was 
extracted from all parts of the body; and he 
dissents from th^ opinion; because, says he, 
though children oft&n resemble both father and 
mother, they sometimes also resemble their grand- 
fathers. Besides, they resemble their fathers and 
mothers in the voice, in the hair, in the nails, 
and imthe gait and manner of walking. Now, 
he proceeds, it -is impossible for the senven to 
come from the hair, 'from the voice, from the 
nails, or from any external quality, as that of 
the mode- of walking. Infants, therefore, do 
not resemble their parents because the setnen 
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proceeds from aTI parts of tlic body, liut for 
other reasons. I will not expose the weakness of 
these arguments } but shall only remark that this 
great man appears to have been anxious to differ 
from the sentiments of former philo'ophcrs: and 
I am persuaded^ that, whoever peruses his' trea- 
tise on generation, will discover that a strong 
passion for establishing a system different from 
that of the ancients,’ obliges him uniformly to 
prefer arguments of little probability to the 
force of proofs, when they stand in opposition to 
. the general principles of his philosophy. 

The seminal liquor of the male, according to 
Aristotle, is secreted from the blood j and the 
menstrual fluid of the female is likewise a secre- 
tion from the blootl, and the only matter which 
contributes to generation. Females, he conti- 
nues, have no other prolific fluid; no mixture, 
therefore, of male and female fluid takes place ; 
this notion he attempts to^ prove by observing, 
that some women conceive without pleasure; that 
few emit any fluid during the time of copula- 
tion; that, in general, those w^io are brown, and 
have a masculine air, have ue emjs.sion; and yet 
their powers of procreation arc not less than those 
of a fairer complexion a,nd more delicate appdhr- 
ance, who omit copiously. Thus, he conclude.s, 
women furni.sli nothing for the purposes of gene- 
ration, but the mensli'UJ?l blood. This blood is 
the matter of generation, and the male fluid con- 
tributes nothing but the form : the male fluid is 
the efficient cause, and the princijfle of motion ; 
it is to generation what the sculptor is to a block 
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of marble: the seminal fluid is the sculptor, the 
menstrual blood the marble, and the foetus the 
figure. The menstrual blood receives from the 
male semen a kind of soul, which gives it life and 
motion. This soul is neither material nor imma- 
terial, because it can neither act upon matter, 
nor augment the menstrual blood, which is the 
only matter neces.sary to generation. It is a 
spirit, says our philosopher,' similar to that of the 
element of the stars. The heart is the first pro- 
duction of this soul, which is the cause of its own 
growth, and of the growth and disposition of all 
the other members. The' menstrual blood con- 
tains the capacities of ail the parts of the foetus ; the 
soul or spirit of the male semen makes the heart 
begin to act^ and communicates to it the powers 
of bestowing aclio7i on the other viscera; and ip 
this manner the different parts of the animal are 
successively unfolded. All tips appears clear and 
luminous to our philosopher. He has only one 
doubt, namely, whether the blood or the heart 
is first realized. And of this he doubted not 
without reason; fdr,, though he adopted the opi- 
nion that the heart received its existence first, 
Harvey has since alleged, from arguments simi- 
lar to those of Aristotle, that the blood, and not 
the heart, is first realized. 

Thus have I given a short view of what Aris- 
totle has delivered on the subject of generation, 
and shall leave the reader to consider whether 
any system of the ancients be more obscure, or 
ynofe absurd, than that which he has endeavoured 
to establish. His system, however,- has been 
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adopted by most men of learning. Harvey has 
borrowed many of Aristotle’s notions j but he 
has also adopted some of his own, vvnich are by 
no means belter founded. It is not surprising 
that Aristotle’s theory of generation, which was 
a result of his system of philosophy, where form 
and matter are the great principles, where ve- 
getable and sensitive souls are the agents of 
Nature, and where final causes are real ob- 
jects, shonld have been received in the schools : 
but it is not a little astonishing to see a physician 
and an acute observer, like Harvey, carried down 
the stream, while, at Ihc same time, most philo- 
sophers followed the sentiments of Hippocrates 
and Galen, of which we shall afterwards fake 
notice. 

We mean not to convey a disadvantageous 
idea of Aristotle by the account we have given 
of his theory of generation. We might with 
equal propriety judge of Djsscartes by bis trea- 
tise on man. What these two philosophers 
have remarked concerning the formation of the 
foetus should rather be co'iisidercd in the light 
of detached observations, or as consequences 
which each of them drew from, their principles 
of philosophy, than as complete systems. Aris- 
totle admits, with Plato, final and efficient causes : 
the latter are the sensitive and vegetable souls, 
that give form to matter, which, in itself, is only 
a capacity of receiving forms : and as, in gene- 
ration, the female furnishes the greatest quan- 
tity of matter, and as it was repugnant to his 
system of final causes, that any effect should be 
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produced by .tu’o causes^ when one was sufficient 
for the purpose, he concludes, that the woman 
alone contains the matter necessary for procre* 
atiou : again, another of his principles is, that 
mutter, in itself, has no. form, and that form\6 
a being distinct from matter; he tliereforc main-' 
tains, that the male furnishes the form, and^ of 
course, that he contributes nothing material. 

Dosciutes, on the contrary, admitted into his 
phiinrophy a few mechanical principles only. 
£y these he attempted to explain the formation 
of I'oe foetus; and he imagined that he under* 
stood, and vva's able to communicate to others^ 
the manner in whsch a living organised body 
could be formed by the laws of motion alone. 
The principles he employed were different from 
those of Aristotle. But both of them, instead 
of directing their inquiries to the subject itself, in 
place of examining it with impartiality, consi- 
dered it only in rc'latiqn to their philosophic prift. 
ciples, whic:h could never be applied with suc- 
cess to the ndture of generation, because it de- 
pends, as has been ’already shown, upon Very 
diCFcrckit principle;?. ' lioBcartos, however, admits 
Ihe existf.’ijce and necessary' concurrence of the 
scmiiial fluids of hotli sexes. He allows that lioth 
furnish soinethiug material for . the purposes of 
generation ; and that tlie fermentation occasioned 
by a mixture of the two fluids, is the cause of the 
formation of the foetus. • 

Hippocratc.s, who lived about five or six hun- 
dred y cars before Aristotle, taught an opinion, 
wliicJi w.as adopted by Galen, and hy most, phy'- 
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sicians, for many ages. He maintained the ex- 
istence. of a female fluid ; and even that both 
male and female had two fluids, the one strong 
and active, the other weaker and more sluggish 
A concurrence of the two stronger fluids pro- 
duced a male child, and of the two weaker a fe- 
male. Thus, according to Hippocrates, therc 
exist two kinds of seminal fluids both in the male 
ami in the female. This notion he supports in 
the following manner : several women wlw pro- 
duced girls only by their first husband, have 
bad boys by their second ; and the same thing 
has often happened to men who have had two 
wives. Supposing this to be fact, it admits of 
an easy explanation, without having recourse to 
two different fluids peculiar to each sex ; for the 
women who had girls only by the first husband, 
and boys by the second, furnished a greater 
quantity of particles propc* for generation dur- 
ing the first, tlian the scooml marriage ; or the 
second husband furnislied a greater quantity of 
generating particles during /he time of We ac’ 
cond marriage, than the first. If, at the mo- 
ment of conception, the ■ organic particles of tbo 
male arc more abundant than those of the fe- 
male, a male child is the result -y and, when tho 
organic particles of the female most abound, a 
female child is the consequence : it is not, there- 
fore, surprising, that the husband should be foiled 


* See Ilippocrat. lib. cle Geiiitura, p. 129, et lib. deDia:ta. 
p. IDS. Ludg. But. torn. i. 1065. 
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with some women, and have the superioHty over 
others. 

It is farther alleged by Hippocrates, that the 
male semen^ is secreted from the strongest and 
most essential fluids of the body; and he thus 
explains the manner in which the secretion is 
performed : “ Venae et nervi,” says he, “ ab 
Omni corpore in pudemlupn vergunt, quibus 
dum aliquantulum teruntur, et calescuut ac 
iinplentur, velut pruritus incidit, ex hoc toti 
corpori voluptas ac caliditas accidit ; quum 
Ycro pudendum teritur et homo movetur, humi- 
dura in corpore calescit ac diffunditur, et a motu 
conquassatur ac spumcscit, quemadmodum alii 
humores omnes conquassati spumescunt. 

“ Sic autem in hominc ab humido spume* 
scente id quod robustissimum cst ac pinguissi- 
mum secerhltur, et ad medullam spinalem 
venit; tenduut enim in hanc cx omni corpore 
vim, et difiiindunt ex.- cerebro in lumbos ac in 
totum corpus et in medullam: et ex ipsa me- 
dulla procedunt visp, ut ct ad ipsani huniiduin 
perferatur et cx ipsa’sccedat; postquam autem 
ad hanc medullam genitura pervenerit, procedit 
ad.rehes, ac enim via tendit per venas; et si 
.rencs fuerint exulcerati, aliejuando ctiain sanguis 
dolcrtur: a renibus autem transit per medios 
testes in pudcnduni, procedit autem non qua 
uriua, verum niiaipsi via est illi conligua*,” &c. 

Jt will, doubtless, be perceived by anatomists, 

S’c TOsius’s Traiisla'.ions tom. i. p. 129 . 
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that Hippocrates errs in tracing the route of the 
seminal fluid. But this error affects not his hy- 
pothesis, that the semen proceeds from every 
part of the body, and particularly from the head; 
because, he remarks, those who have had the 
veins behind their ears cut, secrete only a weak, 
and often unfertile semen. The female likewise 
sheds a seminal fluid sometimes within the uterus, 
and sometimes w'ithtnt it, when the oriflee is too 
open. The male semen enters the uterus and 
mixes with that of the female; and as each has 
two species of fluid, the one strung and the other 
weak, if both of them furnish the strong kind, 
a male foetus is the consequence; and, if both 
furnish the weak kind only, the result is a fe- 
male : besides, if in the mixture there arc more 
particles of the male than of the female fluid, 
the child will resemble the father more than the 
mother; et e contra. Here we might ask him 
what would happen, when the fluid of the one 
was strong and that of the* other weak ? I can- 
not conceive what reply could be made to this 
question : and, therefore, ,\fe are warranted to 
reject the opinion of two distinct fluids in each 
sex as perfectly chimerical. 

Let us now attend to his account of the for- 
mation of the foetus. The seminal fluids first 
mix. in the uterus, and gradually thicken by the 
heat of the mother. The mixture extracts the 
spirit of heat, and, when too warm, part of tlie 
heat escapes into the air. But a cold spirit is 
likewise conveyed to it by the respiration of the 
mother : thus a cold and a hot spirit alt eriuitel\ 
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enter tiie mixture, give life to it, and cover its 
surface with a pellicle, which assumes a round 
figure, because the spirits, acting in the centre, 
expand the matter equally on all sides. I have 
seen, says the great physician, a foetus of six 
days old : it was a ball of liquor inclosed in a 
pellicle. The liquor was reddish ; and the 
pellicle was intenspersed with red and colour- 
less vessels. In the middlh of it there was a 
small eminence, which I apprehended to be 
the umbilical vessels, by which the foetus re- 
ceives nourishment and the spirit of respiration 
from the mother. A second covering or pelli- 
cle gradually forms above the first. Abundance 
of nourishment is furnished by the menstrual 
blood, which coagulates by degrees, and is 
converted into flesh. This flesh gradually ar- 
ticulates as it grows; and the spirit bestows 
upon it this form. Every part assumes its pro- 
per place; the solid particles unite; the moist 
particles associate by* thcnjselves ; every thing 
searches fcfF what is analogous to it; and, in 
fine, the fentus, by* t)iese causes and means, is 
completely formed 

, This system is more rational, and less ob- 
scure than that of Aristotle ; because Hippo- 
crates endeavours to explain every particular 
appearance, and borrows one general priueij^e* 
only from the philosophy of his times, namely, 
that heat and cold produce^ spirits, and that 
these spirits -have the power of arranging and of 
bestowing figure upon matter. He treats his 
subject more like a physician than a philo- 
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but Aristotle explains the phsenotnena 
of generation more as a metaphysician than a 
naturalist. It is for this reason that the errors of 
'Hippocrates are particular and less apparent, 
and that those of Aristotle are general and evi- 
dent. 

These two great men have each liad their 
followers. Almost all the philosophers of the 
schools adopted. An^itolls’s tlicory of generation, 
while most physicians adhered to the theory of 
Hippocrates} and, in this manner, seventeen 
or eighteen centuries passed without the appear- 
ance of any thing ^new upon this mysterious 
subject. 

At last, upon the revival of literature, some 
anatomists began to investigate the nature of 
generation j and Fabricins ah Aquapendente was 
the first who thought of making a course of ex- 
periments upon the impregnation atid expansion 
of the eggs of fowls, the substance of which we 
shall lay before the icad<.rr 

He distinguhlies the matrix of 'a hen into 
two parts, the one supcrioi'and the other infe- 
rior. The superior part, which he culls the 
ovarium, is an assemblage of a great number of 
small yellow eggs, of a round figure, the sizes 
ofi which vary from that of a mustard seed to 
thnt of a walnut. These eggs are attached to 
one another by foot-stalks, and the whole some- 
what resembles a bunch of grapes. The smallest 
eggs are white, and they turn yellower in propor- 
tion as they increase. 

Having examined those yellow eggs immedi- 



452 


EXAMINATION OF 


ately after a communicatioD with the male, he 
could perceive no sensible difference; he saw 
none of the male semen in any part of the eggs: 
he therefore concluded, that the whole eggs, and 
even the ovarium itself, were rendered fertile by 
asubtile spirit which issues from the male semen; 
and, he adds, that, in order to prevent the es- 
cape of this fecundating spirit. Nature has 
placed, at the external orifice of the vagina of 
birds, a membranous valve, which permits the 
seminal spirit to enter freely into the vagina, but 
prevents its return. 

When an egg is detached from the common 
pedicle, it gradually descends, through a wind- 
ing canal, into an inferior part of the matrix. 
This canal is filled with a liquor very similar to 
the w’hite of an egg. It is here that the egg re- 
ceives its white liquor, the membrane in which 
it isjnclosed, the two cords {chalaza:) that run 
through the white, and join it to the yolk, and 
the shell which is suddenly , formed immediately 
before e^fSision. These cords, according to our 
author, are the part qf the egg which is impreg- 
nated by the seminal spirit of the male; and it 
is here also that the rudiments of the foetus first 
appear. Tiic egg is not only the true matrix, or 
the place where the chick is formed, but the 
whole business of generation depends upon it. 
The egg is the great agent in generation ; it fur- 
nishes both the matter and the organs. The'sub- 
stance of the cords is the matter of which the 
chick is formed ; the white and the yolk afford 
it nourishment; and the seminal spirit of the 
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itiale is this efficient cause. This spirit comma-* 
nicates to the cords, first, an alterant quality, then 
a forming quality, and, lastly, a pdwer of aUg* 
nienting, &c. 

These observations of t'abricius, it is appa^ 
rent, lead not to any clear idea of generation. 
At the same time that this anatomist was making 
his experiments, which was about the middle of 
the sixteenth century, the famous Aldrovandus * 
made some remarks upon eggs. But, as Har- 
vey properly ob-^^erves of him, he followed more 
the authority of Aristotle than of experiment. 
The description he gives of the chick in the egg 
is by no means exact. Volcher Goiter, one of. 
his pupils, succeeded better than his master; this 
writer, together with Parisanus, a Venetian physi- 
cian, bare each given descriptions of the chick in 
the egg, which Harvey jirefers to all the others. 

This celebrated anatomist, who first discovered 
the circulation of the bloody has given an excel- 
lent treatise on generation. He flourished about 
the middle of last century, and was physician to 
Charles I. of England. As, fie was obliged to 
follow this unhappy prince during his misfor- 
tunes, he lost, among other papers, what he had 
written concerning the generation of insects; 
and it appears that he composed from memory 
his treatise on the generation of birds and of qua- . 
drupeds. I shall give a short view of his remarks, 
of his experiments, and of bis theory. 

Harvey alleges, that men, and all other ani- 

* See hi> Ornitkologia. 
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mals, proceed from eggsj that, in viviparoas 
animals, the first produce of conception is a kind 
of egg;^ and that the only difierence between 
tlie viviparous and oviparous is, that, in the for* 
mer, the foetuses begin to exist, increase, and 
acquire their full growth in the uterus ; but that, 
m the oviparous animals, the rudiments of the 
feetuses begin to exist in the body of the mother, 
•where they are in the fonn bf eggs ; and it is only 
after their exclusion that they become real 
foetuses. And it deserves to be remarked, says 
he, that, in oviparous animals, some retain their 
eggs till they be perfect, as birds, serpents, and 
oviparous quadrupeds j and that others exclude 
their eggs before they are perfeetj as fishes, crus- 
taceous and testaceous animals. The eggs laid 
by these creatures arc only the rudiments of eggs, 
wiiicli afterwards acquire membranes and a 
white, and attract .nourishment from the matter 
with which they are surrounded. There are 
even, Im adds, insects, caterpillars, for example, 
which are only imperfect eggs j they search for 
their nourishment^ qnd, at the end of a certain 
time, they arrive at the state of a chiysalis, which 
is a perfect egg. Another difference may still 
be remarked in oviparous animals ; the eggs of 
hens, and other birds, are of all different siaes ^ 
,but those of fishes, frogs, &c., which lay them 
before they are perfect, are all of the same ’size. 
He indeed observes, that, ip. pigeons, which lay 
two eggs, all the small eggs that remain ip the 
ovarium are of tlie same bulk ; and that the two 
only which are next to be excluded exceed the 
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size of the rest. The same thing happens in car* 
tilaginons fishes, as in the ray, which only brings 
to maturity two eggs at a time, all the rest being 
of different sizes, like those of the hen. 

He next describes anatomically the parts ne- 
ccssaiy to generation ; and remarks, that the 
situation of the anus and vulva in birds differ 
from those of all other animals, the anus being 
placed before, and the vulva behind And, 
with regard to the cock and all small birds, he 
alleges, that they have no proper penis, and that 
they generate by rubbing, without any intro- 
mission. But male ducks, geese, and ostriches, 
arc amply provided with this instrument. 

Hens produce eggs without the intervention 
of the cock ; but, though perfect, they are fewer 
in number and unfei'tile. He credits not the 
common opihion, that a few days' intercourse 
with the cock arc siiflicient to impregnate all the 
eggs which a hen will lay during the year^ but 
he acknowledges, that he separated %Jien from 
the cock for twenty days, and that all the eggs 
she laid were fecundated. As long as the egg 
remains attached to the ovarium, it is nourished 
by the vessels of the common pedicle} but, 
when it separates from this pedicle, it receives the 
white liquor aTid the shell'from the matter with 
which the canal of the uterus is filled. 

The two cords {chalazic) which Aquapendente 
considered to be the germ, or part produced 
by the male semen, are found in unimpregnated. 


* Most of these facts are taken from Aristotle; 
2 F 2 
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as well as impregnated eggs; and Harvey, pro- 

• perly observes, that these parts neither proceed 
irom the male, nor receive the impregnation. 
The part of the egg which receives the impreg> 
nation is a small white circle situated upon the 
membraue that covers the yolk, and has the ap- 
pearance of a cicatrice about the size of a lentil. 
Harvey likewise remarks, that this cicatrice is 
found in all eggs, whether they be fecundated or 
not} and that those are deceived who imagine it 
to be produced by the seed of the male. It is 
of the same size and form in fresh eggs as in 
those which have been loiig kept. But, as soon 
as the process of hatching is begun, whether by 
means of artificial beat, or by the beat of the hen, 
this small mark or cicatrice gradually augments 
and dilates, like the pupil of the eye. This is 
the first change, and it is visible after a few hours’ 
incubation. 

When the egg liyas been heated for twenty- 
four hours, the yolk, which was formerly in the 
centre, rises towards the cavity at the thick end 
of the egg. This oavity continues to enlarge by 
the evaporation of the more fluid part of the 
'White; and the heaviest part of the white falls 
down to the small end. The cicatriee or speek 
on the membrane of the yolk, is elevated sdong 

• with it, and applies itself to the membrane which 
lines the cavity at the thick end. This speck is 

. now as large as a pea; and a white point-is dis- 
tinguishable in the middle of it, with several cir- 
cles, lOf which this point appears to be the com- 
mon centre. 
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At the end of the second day, these circles are 
larger and more conspicuous, and they divide the 
speck sometimes into two, and sometimes into 
three parts, of different colours. A small exter- 
nal protuberance likewise appears, v/hich nearly 
resembles a little eye, with a white point or cata- 
ract on the pupil. Between the circles, a liquor, 
as transparent as cvy^stal, is contained by means 
of a very thin membrane. The speck, which is 
now become a kind of bubble, or liquid globe, 
appears as if it were situated in the white, rather 
than on the membrane of the yolk. On the third 
day the transparent liquor, as well as the mem- 
brane in which it is inclosed, is considerably aug- 
mented. On the fourth, a small line of blood, of 
a purple colour, appears on the circumference of 
the bubble; and, at a little distance from the 
centre, we perceive a dot or point, of a bloody 
colour, which beats like a heart. It is visible at 
every diastole, and disappears during the systole. 
From this animated point two small blood vessels 
issue, and terminate in the mc^brane<which con- 
tains the transparent crystalline liquor. These 
blood vessels set off from the same place, nearly 
in the same manner as the roots of a tree set off 
from the trunk; and it is in the angle which 
these roots form with the trunk, and in the 
middle of the liquor, that the animated point i^ 
situated. 

Towards the end of the fourth, or beginning 
of the , fifth day, the animated point is so much 
enlarged, that it has the appearance of a small 
bladder filled with blood; and, by its contractions 
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and dilatations, it is alternately filled and enip> 
tied. On the same day we distinctly perceive, 
that this bladder is divided into two parts, each of 
which dilates and contracts in the same manner. 
Konnd the shortest of the blood vessels described 
above, a kind of clond appears, which, thougib 
transparent, obscnres the view of the vessel. 
Every hour this cloud becomes thicker; it attaches 
itself to the root of the blood vessel, and seems 
to depend from it like a small globe. This globe 
extends, and appears to divide into three parts, 
one of which is globular, and larger than the 
other two; and here we perceive the rudiments 
of two eyes, and of the whole head: and, at 
the end of the fifth day, wo see, in the remainder 
of this lengthened globe, the beginnings of the 
vertebrae. 

On the sixth day, the parts of the head are 
more apparent. Wc, distinguish the coats of the 
eyes, the thighs, atid wings; and then the liver, 
the lungs, and the beak. The foetus now begins 
to move an(^ to stretch out its head, though no- 
thing but the viscefa are yet formed; for the 
thorax, the abdomen, ami all thp external cover- 
ings of the fore part of the body, are still want- 
* iiig. At the end of this day, or the beginning 
of the seventh, the claws begin to be visible; 
the chick opens. and moves its beak; and the 
anterior parts of' the body begin to cover the 
viscera. On the seventh day, the chick is en- 
tirely formed; and, from this time till it issues 
from the egg, nothing happens but an expansion 
of all the parts it acquired during the ili'st sevep 
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days. Tlie feathers appear on the fourteenth or 
fifteenth day ; and, on the twenty-first, the chick 
escapes from the egg, by breaking the shell with 
its bill. 

These experiments of Harvey appi^r to have 
been made with the greatest exactness and fide^ 
lity. We shall afterwards, however, demonstrate 
their imperfection, ^nd that the author has pro- 
bably fallen into the common error of making 
experiments, with a view to establish his favourite 
hypothesis, that the first animated point which 
appeared was the heart. But, before proceeding 
to tiiis object, it is proper to give an account of 
bis other experiments. 

Every body knows the numerous experiments 
made by Harvey upon female deer. They receive 
the male about the middle of September. A 
few days after copulation, the horns* of the ute- 
rus appear to be thicker and more fleshy than 
usual : they are, at the saline time, more lax and 
flabby; and, in each of their cavities, fivecarun- 
culic, or soft warts, appear. About the S!6tU 
or 28th of September, the uterus is still thicker; 
the five carunculse are swelled nearly to the sixe 
and form of a nuree’s nipple. On opening them 
with a scalpel, they appeared to be filled with an 
infinite number of white points. Harvey pre^ 
tends to have remarked, that, neither now, nor 

* Two fleshy processes, one of which issues from each side 
of the fundius uteri, in the form df little horns, and are re- 
markably large in some quadrupeds. 
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immediately after copulation, had the ovarium 
suffered any change; and that he never could 
discover, after repeated trials, the least drop of 
male semen in the uterus. 

Towards the end of October, or the beginning 
of November, when the females were separated 
from the males, the tbicke.ess of the tiorm began 
to diminish; the internal surfaces of their cavities 
were swelled, and seemed to be glued togetlier. 
The carunculm still remained; and the whole re- 
sembled the substance of the brain, being so soft 
that it could not be touched. Harvey tc-lls us, 
that, on the 13th or 14th Of November, he per- 
ceived filaments, like those of a spider’s web, 
which traversed the cavities of the kot'nSt and 
even that of the uterus itself. These filaments 
arose from the superior angle of the horns, and, 
by their number, formed a kind of membrane or 
empty coat. A day or two afterwards, this coat 
or sac was filled with a white, aqueous, viscid 
matter, and adhered to the uterus by means of a 
kind of mucilage; and the adhesion was most 
sensible at the siip(?r\,or part of the uterus, where 
the rudiments of the placenta began then to ap- 
pear. In the third month, this sac contained an 
' embryo of two fingers’ breadth in length, and also 
an internal sac, called the amnios, inclosing a 
transparent crystalline liquor, in which the fepetus 
swam. The foetus, at first, was only an animated 
point, like what appeared . in the hen’s egg. 
Eveiy thing now proceeded and terminated in 
the same manner as described with regard to (he 
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ehick, with this only difference, that the eyes of 
the chick appeared much sooner than those of 
the deer. The animated point was visible about 
the 19th or 20th of November. A day or two 
afterwards, the oblong body, which contained 
the rudiments of the foetus, made Its appearance 
In six or seven days more, the foetus was so com* 
pletely formed, tha( all its members, and even 
its sex, were distinguishable. But the heart aud 
viscera were still bare^ and it was not till a day 
or two after, that they were covered with the in- 
teguments of tlie abdomen and thorax. This is 
the last work, the slating of the edifice. 

From these experiments upon hens and deer, 
Harvey concludes, that all female animals have 
eggs; that ill these eggs a separation of a trans- 
parent crystaUine liquor, contained in a sao 
(amnios), takes phtce, and that another external 
sac ( chorion J incloses the whole liquors of the 
eggj that the fii-st thing .which appears in the 
crystalline, liquor is an animated sanguineous 
point; and, finally, that the formation of vivi- 
parous animals is cflectcd*in the same manner 
as that of the oviparous: the following is the 
account which he gives of the generation of 
both. 

Gcncr.'ition, he observes, is an operation of 
the uterus alone; for not a drop of the male se- 
men ever enters it. The uterus conceives bv a 
kind 0/ contagion, communicated to it by iho 
semen of the male nearly in the same manner us 
the loadstone communicates a magnetic virtue to 
iron. This male contagion acts not only on the 
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uterus, but on the whole body of the female. 
Which is entirely fecundated, though the uterus 
alone possesses the faculty of conception, in the 
same manner us the brain has the sole power of 
conceiving ideas. The ideas conceived by the 
brain are similar to the images of the objects 
transmitted to it by the senses; and the foetus, 
which may be regarded as the idea of the ute- 
rus, is similar to that by which it is produced. 
This is the reason why children resemble their 
fathers, &c. 

I will follow the system of our anatomist no 
farther: what has been said is sufficient to en- 
able the -reader to form a judgment. But we 
have remarks of importance to make concerning 
his experiments. He has represented them in a 
manner the most plausible and insinuating. He 
appears to have repeated them often, arid to have 
taken every necessary precaution to avoid fallacy 
and deception ; and,* of course, we are led to 
think that he has seen every thing which possi- 
bly could be discoyered. Uncertainty and ob- 
scurity, however, ard perceptible in his descrip- 
tions. His observations are related from me- 
. mory; and he seems, though he often maintains 
the contrary, to have made Aristotle, more than 
experience, his guide; for he has seen every 
thing in eggs, and very little more than was 
mentioned by that philosopher. That the mpst 
material of his observations ‘were made long be- 
fore his own time, we shall be convinced -by at- 
tending to what follows: 

Aristotle knew, that the cords [chalaxic) in 
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eggs were of no use in the generation of the 
chick : “ Quae ad principium. lutei grandines 
haerent, nil conferunt ad generationeni, at qui- 
dam suspicantiir *.*' Parisanus, Volcher Goiter, 
Aquapendente, &c., had remarked the small ci- 
catrice as well as Harvey. Aquapendente be- 
lieved it to be of no use; but Parisanus main- 
tained that it was formed by tiie male semen, 
or, at least, that the white point in the middle 
of the cicatrice was the semen of the' male, and 
that it was the rudiments of the foetus. “ Estque,” 
says he, ** illud galli semen alba et tenuissima 
tunica abductum, quod substat duabus commu- 
nibus toti ovo meinbranis,” &c. Hence the only 
discovery proper to Harvey consists in his re- 
marking the existence of this cicatrice, both in 
fecundated and unfecundated eggs ; for the other 
writers had observed, as well as he, the di- 
latation of the circles, ard the growth of the 
white point. These are all the remarks Harvey 
has made in his account of the two first days of 
incubation ; what he mentions concerning the 
third day is a repetition only of what Aristotle 
delivers in the sixth book and fourth chapter of 
his History of Animals : “ Per id tempus ascendit 
jam vitellus ad superioretn partem ovi aentio- 
rem, nbi ct principium ovi est et fmtus exclu- 
ditui'j corque ipsum apparet in albuminc san-; 
guiuei puncti, quod punctum salit ct movet 
sesc instar quasi aniniatum ; ab co meatus vc- 
tiaruni specie duo, .sanguine pleni, flexuosi, qiti. 


* Hist. Aniin. lib. vi. cap. 2. 
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crescente foetu, feruntur in utramque tunicam 
ambientem, ac membrana sanguineas fibras 
bens eo tempore albumen continet sub meati- 
bus illis venarum similibus ; ac paulo post dis- 
cernitur corpus pusillum initio, omnino et can- 
didum, capite conspicuo, atque in eo oculis 
maxime turgidis qtii diu sic permanent, sero 
enim parvi fiunt ac considun*;. In parte autem 
corporis inferiore nullum extat membrum per 
initia, quod respondeat superioribus. Meatus 
autem illi qui a corde prodeunt, alter ad cir- 
ciimdantem membranam tendit, alter ad luteiun, 
oflicio umbilici.” 

Harvey, because Aristotle says that the yolk 
rises to the small end of the egg, concludes that 
he had seen nothing himself, but that he had re> 
ceived his information from some other pretty 
accurate observer. In this accusation, Harvey 
evidently injures Aristotle ; for the rising of the 
yolk to either end, depends solely upon its posi* 
tion during tlic time of incubation ; for the yolk, 
bc|ng lighter than the white, uniformly mounts 
to the top, whether the large or the small end of 
the egg be uppermost. This observation we owe 
, to William Langley, a physician in Dordrecht, 
who made experiments on the hatching of eggs 
in the year 165.5, about twenty years before Har'< 
vey’s time *. 

But, to return to the passage we have quoted. 
It is apparent that the crystalline liquor, the 


• See I.unjjley Observ. editic a Justo Schradcro, Atnst. 
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animated point, the two circles, the two blood 
vessels, &c., are described by Aristotle in the same 
manner as they were seen by Harvey. This 
anatomist maintains, that the animated point is 
the heart, that the heart is the first part of the 
foetus which is formed, and that the viscera and 
other members suocec'l. All these circumstances 
have beep ' mentioned by Aristotle, and seen by 
Harvey j and yet that the heart is first formed is 
by no means consonant to truth. To be assured 
of this fact, we liave only to repeat the same ex- 
periments, or to read with attention tliose of Mal- 
pighiiis*, wliich were made about fifty years 
after tlie trials of Harvey., 

hlalpighius carefully examined the cicatrice, 
which is tlie essential part of the egg ; he found 
that it was large in impregnated eggs, and small 
in those which had received no impregnation ; 
and he discovered, that, in eggs which had 
never been sat upon by th^ hen, the white point, 
mentioned by Harvey as the first part that be- 
comes animated, is a small purse or babble swiin- 
ing in the liquor bounded by the first circle; 
and that the embryo is visible in the centre of 
this purse. The membrane of the purse, whicii 
is the amnios, being exceedingly thin and trans- 
parent, allowed him to sec the feetus distinctly. 
Malpighius, from this first observation, concliuks 
with propriety, that the foetus exists in tlie egg 
before Incubation, and that the rudiments of the 
embryo are even then deeply rooted. It is un- 


* Matpigliii pullus in otu. 
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llecessa^y to mention how much this experiment 
differs from the opinion of Harvey ; for he had 
observed nothing formed during the two first 
days of incubation ; and, in his estimation, the 
first vestige of a foetus is the animated point, 
which appears not till the third day. But Malpi- 
ghius discovered that the rudiments of the whole 
loetus exist before incubation is commenced. • 

After ascertaining this important fuct, Malpi- 
ghius proceeded to examine the cicatrice of 
unimpregnated eggs, which, as forinei’ly re- 
marked, is smaller than in those that have re- 
ceived an impregnation. Its margin is often 
irregular, and its texture sometimes differs in 
different eggs. Near its centre, in place of a 
bubble including the foetus, there is a globular 
mole, or unorganized mass, which, when opened, 
presents nothing like regularity or arrangement 
of parts : it has only some appendages filled with 
a thick hut transparent liquor; and this un- 
formed mass is surrounded and enveloped in seve- 
ral concentric circles. 

After six hours’ incubation the cicatrice is con- 
siderably enlarged ; and, in its centre, a bubble 
' or globule, formed by the amnios, is easily dis- 
tinguishable. This globule is filled with a fluid, 

' in the middle -of which the bead and back bone 
of the chick visibly appear. Six hours after, 
every thing is enlarged, and, of course, more 
apparent to the eye. In six hours more, that 
is, eighteen . hours after the commencement of 
incubation, the head is larger, and the spine is 
lengthened ; and at the end of twenty-four hours. 
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the head of the chick appears in a bended pos* 
turCf Red the spine is of a whitish colour. The 
vertebne are ranged on each side of the spine, 
like small globules ; and nearly at the same time, 
the wings begin to sprout, and the head, neck, 
and breast, are lengthened. At the end of thirty 
hours, nothing new appears; but all the parts 
are enlarged, and especially the amnios. Round 
this membrane may be remarked the umbilical 
vessels, which are of a dark colour. In thirty- 
eight hours, the chick has acquired more strength; 
its head is very large, and three vesicles appear in 
it surrounded witli fnembranes, which likewise 
include the spine of the back ; through which, 
however, the vertebrae are still visible. At the 
end of fbrly hours, it was admirable to observe, 
continues our author, the chick living in the 
centre of the liquor of the amnios. The back 
bone was increased, the head was bended, the 
vesicles of the brain were less bare, the rudi- 
ments of the eyes appeared, the heai't beat, and 
the blood circulated. Here Malpighius describes 
vessels and the circulation of the blood ; and be 
thought, with reason, that, though the heart did 
not beat till thirty-eight or forty hours after in- 
cubation was begun, it nevertheless existed be- 
fore, as well as the other jiarts of the chick. But, 
on examining the heart in a dark chamber, he 
observed nothing like luminous sparks issuing 
from it, as. Harvey ‘%eras to insinuate. 

At the end of the second day, the foetus ap- 
peared swimming in the liquor of the amnios. 
The head, whiedt seemed to be composed of ve- 
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sides/' was bended; the back bone and verte* 
brae were lengthened; the heart, which hung 
out of the breaut, beat three times succcssitrely, 
because the fluid it contains is pushed from the 
auricle into the ventricles, from the ventricles 
into the arteries, and, lastly, into the umbilical 
vessels. He remarks, that, having separated the 
chick from the white of the^ egg, the motion of 
the heart continued for a whole day. In fourteen 
hours more, or sixty-two hours from the begin- 
ning of incubation, the chick, though stronger, 
remained still with its head bended in tiie liquor 
of the amnios. Veins and arteries were per- 
ceived in the brain ; and the lineaments of the 
eyes, and of the spinal marrow, appeared. At 
the end of three days, the body of the chick 
was crooked. Beside the two eyes, five vesi- 
cles filled with liquor appeared in the head; 
the rudiments of the, thighs and of the wings 
were discernible; thf body began to take on 
flesh ; and the pupils of the eyes, and likewise 
the crystalline and vitreous humours, w’ere dis- 
tlngnishable. At the termination of the fourth 
day, the vesicles of the brain were nearer each 
.other ; the processes of the vertebrae were longer ; 
the wings and thighs bad become stronger, 
in proportion as they^grew longer; the whole 
body was covered with an unctuous flesh ; the 
umbilical vessels liad pierced through the. abdo- 
men; and the heart was concealed within the 
breast, which was now shut op by a thin mem- 
brane. On the fifth, and at the end of the sixth 
day, the vesicles of the brain began to be covered; 
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tlie' Spinal marrow, wbicb ^was now move soli^ 
wa^4ivided into two^pwrts^ and adYOpced along 
tlie, trunk i tbe tbigbs and wings were Ipngeri 
and tbe Wings were unfplded } tbe abdomen Was 
shot end tomibed ; the liver was distiitctly visible^ , 
and it was of a dark colour } the two ventricles 
of the heart beat ; the body of the chick was co- 
vered with skin ; and the points of the feathers 
began to appear. On the seventh day, the head 
was very large ; the brain was covered* with its 
membranes ; the beak appeared between the tWo 
eyes; the wings, the thighs, and the legs, had 
acquired their pei'fect*fortn ; the heart seemed 
to be composed of two ventricles, like two con- 
tiguous globules, united at their superior part 
with the auricles j and two successive pulses were 
remaiked both in the ventricles and auricles, as 
if there had been two separate hearts. 

But I will follow MaJpighius no farther. The 
remainder of the detail regards the growth and 
perfection of the parts till the chick breaks tbe 
shell in which it is inclosed, and becomes an in- 
habitant of a new world. The heart is the last 
part that assumes its proper figure, by the union 
of its ventricles, which happens not till the ele- 
venth day. 

We are now in a condition to form a distinct 
judgment concerning the value of Harvey's ex- 
periments. It is probable that this celebrated 
anatomist did not make use of the microscope 
(which was, indeed, very imperfectly known in 
his days), otherwise he never would have af- 
firmed, that there wa^ no difierence between 
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the cicatrice of impregnated and nnimprcgnated 
eggs ; he never would have said, that>the semen 
of ' the male produced no change upon the egg, 
and particularly upon the cicatrice; he never 
would have' advanced, that nothing was percep- 
tible before the end of the third day ; that the 
animated point appeared first ; attd that the white 
point was transformed into*^the animated point: 
he would have perceived* that, the white point 
whs the bubble or globule which contained the 
whole apparatus of generation ; and that all the 
rudiments of the foetus commenced there from 
the moment of receiving the impregnation of 
the cock: he would likewise have discovered, 
that, without this impregnation, it contains no- 
thing but an unformed mass, which could never 
become animated; because, in fact, it is not 
organized like an animal, and because it is only 
after this mass, which onght to be regarded as a 
collection of the organic particles of the female 
semen, is penetrated by the organic particles of 
the male semen, that an animal is formed. This 
formation is insth^taneous ; but the motions of 
the new animal arc imperceptible till forty hours 
- after the process of incubation has commenced : 
he would not have assured us that the heart is 
first formed, and that the other parts are succes- 
^ •sivdy join^ to it by juxta-position ; since it is 
.'apparent, from the etperiments of Malpigbius, 
that the mdhnents of all parts are formed at 
<Ance, but tlMt they become perceptible only in 
proportion as- they are successively unfolded : 

. fostly, if he had seen, as Malpighius saw, he 
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would not have positively asserted, that no im* 
pressiou of the male seed remained in the 
atid that it was only by contagion that they 
were impregnated, &c. 

It is likewise proper to remark, that what Har* 
vey has said concerning the paiis of generation 
of the cock is by no means exact. He affirms 
that the cock has th penis capable of entering 
the vagina of the hen. It is certain, however, 
that this animal, in place of one penis, has a 
couple, which both act at the same time: and 
this action is a vigorous compression, if not an 
actual copulation*. *It is by this double org^n 
that the cock throws his seminal liquor into the 
uterus of the hen. 

Let us now compare Harvey’s experiments 
upon female deer with those of de GraafF upon 
female rabbits ; and, though de Graafii* believed, 
as Harvey did, that all animals proceed from 
eggs, we shall lind a great difference in the 
manner in w’hich these tvvo’anatomists have per- 
ceived the first formation, or rather the expan- 
sion of the foetuses of viviparcAis animals. 

After exerting every effort to prove, by ar- 
guments drawn from comparative anatomy, that 
the testicles of viviparous females are true ova- 
ria, GraafF explains the manner in which the 
eggs are detached from the ovaria, and fall intp 
the horns of the uterus. He then relates the 
remarks he made ^ipon a rabbit which he dis- 
sected half an hour after copulation. • The horns 
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of the uterns, he says, were uncolnmoiily redj 
there was no change either in the ovaria, or in 
the eggs which they contained} and there was 
not the least appearance of semen in the vagina, 
in the uterus, or in the FaUopian tubes. 

Having dissected another rabbit, six hours af* 
ter copulation, he observed, that the follicles, or 
coats, which, in his estimation, contain the eggs 
in the ovarium, were become red } but he found 
no male semen either in the ovaria or any where 
else. Twenty hours after copulation, he dis* 
seated a third : he remarked in one ovarium 
three, and in the other live'follicles much altered} 
for instead of being clear and limpid, they had 
become opaque and reddish. In another, dis- 
sected twenty-seven hours after copulation, the 
lipras of the uterus, and the superior canals 
which terminate in them, were still more red; 
and their extremities embraced the ovarium on 
all sides. In another, which was open^ forty 
hours after copulation, he found in one ovarium 
seven, and in the other three follicles changed. 
Fifty-two hours afi^r copulatidn, be examined 
•another, and found in one ovarium four changed 
.follicles, and one in the other} and, having opened 
these follicles, he discovered in them a kind of 
glandnlous liquor, with a small cavity in the 
middle, where he could perceive no fluid, which 
inade him suspect that the transparent liquor 
usually contained in the foll/cles, and which', he 
‘says, is inclosed in its own membranes, might 
have been discharged by some kind of rupture. 
#Ie searched for lliis matter iu the canals which 
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terminate in the horns of the uterus, and in the 
horns themselves; but he found nothing. He 
only remarked, that the membranes which line 
the horns of the uterus were much swelled. In 
another rabbit, dissected three days ailSr copula- 
tion, he observed, that the superior extremity of 
the canal, which terminates in the horns of the 
uterus, straitly embraced the ovarium on every 
side : and, having separated it from the ovarium, 
he remarked, in the right ovarium, three follicles, 
somewhat larger and harder than usual. After 
searching, with great care, the canals above 
mentioned, he discovered, he says, an egg in the 
right canal, and two more in the right horn of 
the uterus, so small that they exceeded not mus- 
tard seeds. These little eggs had each two mem- 
brimes. and the internal one was filled with a Very 
limpid liquor. Having examined the other ova- 
rium, he found four changed follicles; three of 
them were whiter, and had.likewise some limpid 
liquor in their centres ; but the fourth was of a 
darker colour, and contained no liquor, which 
made him suspect that the egg had escaped. 
He therefore searched the corresponding canal 
and horn of the uterus; he found an egg in the 
superior extremity of the horn, which was ex- 
actly similar to those he had discovered in the 
right horn. He alleges, that the eggs, when they 
are^ separated from the ovarium, arc ten times 
less than before their separation; and this difier- 
ence in size, he imagines, is owing to the eggs, 
while in the ovarium, containing another matter. 
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namely, the glandulous liquor which he remarked 
in the follicles. 

Four days after copulation, be opened another 
rabbit, and found in one ovarium four, and in the 
other three follicles, void of eggs : in the horns 
corresponding to the ovaria, he found four eggs 
on one side, and tliree in the other. These 
eggs were larger than those be had discoveretl 
three days after copulation. Tiiey were nearly 
of . the size *of the lead shot used for shooting 
small birds; and be remarked, that, in these 
eggs, the interior membrane was separated 
from the exterior, and appeared as if a second 
egg was contained within the first. In another, 
dissected 6ve days after copulation, he found 
five empty follicles in the ovaria, and an equal 
number of eggs in the uterus, to which they tid> 
hered very firmly. These eggs were as large as 
the shot employed for killing hares; and the in- 
ternal membrane wg^ still more apparent than in 
the last experiment. Having opened another 
rabbit, six days after copulation, he found in 
one of the ovaria six empty follicles, but only 
five eggs in the corresponding horn of the uterus; 
and they seemed to be all accumulated into 
one mass: in the other ovarium, he saw four 
empty follicles, and found but one egg in the 
•corresponding horn. These eggs were of the 
size of the largest fowling shot. Seven days 
after copulation, our anatomist opened another 
rabbit, and he found in the ovaria sonie empty 
follicles, which were larger, hgrdcr, ami more re<l 
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than Uiose he had formerly observed j mid he 
perceived as many transparent tumors in diiler* 
ent parts of the uterus; and, having opened 
them, he took out the eggs, which were as large 
as small pistol bullets, l^he internal membrane 
was more distinct than formet'ly; and within 
this membrane he saw nothing but a very clear 
liquor. In another, dissected eight days after 
copulation, he fountf in the uterus the tumors or 
cells which contain the egg; bnt^ they adhered 
so strongly to the uterus, that he could not de> 
tach them. In another, which he opened nine 
days after copulatioh, he found the cells con* 
taining the eggs greatly enlarged ; and he, per- 
ceived, in the middle of the liquor inclosed by 
the internal membrane, r small thin cloud. In 
another, which he opened ten days after copula- 
tion, the small cloiid was thicker and darker, 
and formed an oblong^ body like a little worm. 
Lastly, twelve days after copulation, he distincUy 
perceived the embryo, which, though two days 
before it was only an oblong body, was now so 
apparent, that he could djJlinguish its different 
members. In the region of the breast, he saw 
two red and two white points, and, in the abdo^ 
men, a mucilaginous reddish substance. Four* 
temi days after copulation, the he^d of the foetus 
was large and transparent ; the eyes were pronu- 
iient; th6 mouth was open; the rudiments of the 
ears, appeared; the back bone was whitish, 
and bended towards the sternum ; and small 
blood vessels arose from each side of it, the ra- 
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mi6catious of which extended along the back as 
far as the legs: the two red points were consi- 
derably enlarged, and appeared like the rudi- 
ments of the ventricles of the heart; on each 
side of the red points he saw two white ones, 
which were the rudiments of the lungs. In 
the abdomen he saw the rudiments of the liver, 
which was reddish, and a small l)ody twisted like 
a threkd, which was the stomach and intestines. 
After this, tilkthe 31st day, when the female rab- 
bit brings forth, there was nothing to be remarked 
but the gradual expansion and growth of the parts 
which were already formed. 

Front these experiments, De Oraaf concludes, 
^hat all viviparous fcm.ales have eggs ; that these 
eggs are contained ifi the ovaria or testicles; 
that they cannotibe separated till they are fecun- 
dated by the semen of the male ; because, says 
he, the glandulous li^uor]£.by means of whiAithe 
eggs are enabled to, escape from their follicles, 
is not secreted till aller an impregnation by the 
male. He alleges, that those who imagine they 
have seen pretty, latge eggs in three days, have 
been deceived ;. because, in his opinion, the 
e^gs, though fecundated, remain longer in the 
ovarium, and^ in, place of augmenting, they bep 
conae ten tinoes less than formerly, apd they 
never begin to grow till after their descent from 
t'be ovaria into the uterus. 

By comparing these observations of De Oraaff 
mth those of Harvey/ we will easily perceive that 
the latter has missed the principal facts : and. 
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though there are several errors both in the 
reasoning and in the experiments of De Graaff, 
this anatomist, as -well as Maipighius, have dis- 
covered themselves to be better observers than 
Harvey. They agree in all fundamental points, 
and both of them contradict Harvey. He per- 
ceived not the alterations which take place in the 
ovaria: he saw not in the uterns those small 

' a 

globules which contain the materials of genera* 
tion, and which are called eggs by-De GraafT. 
He never suspected that the foetus existed in the 
egg; and, though his experiments give us tole- 
lably exact ideas concerning what happens 
during the growth of the foetus, he furnishes no 
information concerning the commencement of 
fecundation, nor concerning the first expansion 
of the foetus. Schrader, a Dutch physician, wlto 
had a great veneration^ for Harvey, acknow- 
ledgH that he cannot be trusted in many articles, 
and particularly in what rebates to the first for- 
mation of the embryo; for the chick really ex- 
ists in the egg before incubation; and, he says, 
that Joseph of Aromatarius* was tlie first who 
made tliis material observation*. Besides, though 
Harvey alleged that all animals proceeded from 
eggs, he never imagined that the testicles of fe- 
males contained eggs; and it was only from a 
comparison between the sac, which he believed 
to be formed in the uterus of viviparous ani- 
mals; with the grovsth and covering of the eggs 
in oviparous animals, that lib maintained that cdl 
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animals were produced from eggs; and even this 
is but a repetition of what Aristotle had said 
before him. Steuo was the first who pretended 
to have discovered eggs in the ovaria of females. 
He says, that, in dissecting a female sea dog, he 
perceived eggs in the testicles, though this animal 
be viviparous; and he adds, that the testicles of 
women are analogous to the ovaria of oviparous 
animals, whether the eggs themselves fall into 
the uterus, or only the matter wiiich they con- 
tain. Steno first discovered these supposed eggs j 
De Graaff is willing to assume the discovery to 
himself; and Swammerdam warmly disputes the 
point with him, and alleges that Van Horn had 
seen them before De Graaft This last writer, 
it is true, has been accused of asserting many 
tilings which have been contradicted by experi- 
ments: he even pretended, that a certain Judg- 
ment might be form^ of the number of fStuses 
in the uterus, by t}ie number of cicatrices or 
empty follicles in the ovaria. In this he is con- 
tradicted by the experiments of Verrheyen *, by 
those of M. Mcry^j*., and by some of bis own, 
where he found (ewer eggs in the uterus, than 
cicatrices in the ovaria. Besides, we shall de- 
monstrate that what he says concerning the sepa- 
ration of tile eggs, and the manner in which they 
descend into tiie uterus, is by no means exact; 
that no eggs exist in. the testicles of females; that 
what is seen in the uterus is not an egg; and that 


• Tom. a. chap. S, edit. De Broxrlles^ 1710. 
^ Ilisl. dc I’Acad. 1701. 
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the systcsns which have been deduced from the 
observations of this celebrated anatomist are per* 
fectly chimerical. 

This pretended discovery of eggs in the tes- 
ticles of females attracted the attention of most 
anatomists. They only found, however, in the 
testicles of viviparous females, small bladders. 
These they hesitated, not to consider as real eggs ; 
and, therefore, they called the testicles ovaria, 
and the vesicles eggs. They asserted also, like 
De GraalT, that these eggs diflercd in size in the 
same ovarium ; that the largest in the ovaria of 
women exceeded not the bulk of a small pea; 
that they are very small in young girls; but that 
they increased with age and intercourse with 
men ; that not above twenty could be reckoned 
in each ovarium ; that these eggs arc fecundated 
in the ovarium by the spirituous part of the male 
sem^ ; that they then separate and fall into the 
uterus through the Fallopian tubes, where the 
foetus is formed of the internal substance of the 
egg, and (lie placenta of its external parts; that 
the glandulous matter, which exists not in the 
ovarium till after a fruitful embrace, compresses 
the egg, and excludes it from the ovarium, &c. 
But, though Malpighius, who examined more 
accuratcl}', detected many errors committc<l by 
these anatomists, even before they were received; 
yet most physicians adopted the opinion of De 
GraalT, without regarding the observations of 
Malpighius, which were nevertheless of the 
greatest importance, and which received much 
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weight from the experiments of his disciple Va- 
lisnieri. 

Malpighius and Valisnieri, of .all naturalists, 
' appear to have written with most judgment and 
acuteness on the subject of generation. We shall, 
therefore, give an account of their experiments 
and remarks. 

Malpighius, after examiryng the testicles of a 
number of cows and other female animals, assures 
ns, that he found, in the testicles of all of them, 
vesicles of different sizes, whether tiie females 
were very young or adults. Those vesicles are 
enveloped in a pretty thick membrane, the in- 
side of which is interspersed with blood vessels; 
and they are filled with a kind of lymph or liquor, 
which coagulates and hardens by the heat of a 
fire like the white of an egg. 

In process of time, a firm yellow body adheres 
to the testicles. It is prominent, increases to 
the size of a cherry, and occupies the greatest 
part of the ovarium. This body consists of se- 
veral migular lobes^ the position of wliich is 
very irregular, and it is covered with a coat or 
membrane interspersed with nerves and blood 
’vessels. The form and appearance of this yel- 
low body varies considerably at different times. 
When it exceeds not the size of a grain of millet, 
k is roundish, and its .substance, when cut, has 
a Warty appearance. We often find an exter- 
nal covering round the vesicles of the ovaria, 
wliich consists of -the same substance with the 
.velloW bodies. 
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When the yellow body has become nearly of 
the size of a pea, it resembles a pcarj and, in 
the centre of it, there is a small cavity filled with 
liquor. The same thing may be remarked when 
it is as large as a cherry. In some of these yel- 
low bodies, after they have arrived at full matu- 
rity, Malpighius afiirms that he saw', towards 
the centre, a small egg with its appendages, 
about the size of a'millet seed ; and, after they 
had discharged these eggs, they were flaccid and 
empty. They tlien resembled a cavernous canal ; 
and tlie void cavities w’ere as large as peas. He 
conceived that Nature designed this yellow glan- 
dulous body for the preservation of the egg, and 
for making it escape from the testicles ; and that, 
perhaps, it contributed to the formation of the 
egg: consequently, he remarks, the vesicles 
which are at all times found in the ovarium, and 
always differ in size, are not the true eggs which 
receive the impregnation, but serve only to 
produce the yellow bodies in which the eggs are 
formed. Besides, though these yellow^ bodies 
are not' always 'found in evtfiy ovarium j yet we 
always find the rudiments of them. Malpighius 
found the marks of them in new born heifers, in 
cows with calf, and in pregnant women •, and, 
therefore, he properly concludes, that these 
yellow glandulous bodies are not, as De Graaff 
asserts, an effect of impregnation. The yellow 
bodies, he remarks,^ produce uufecuiidated eggs, 
which fall out of the ovarmm independent of any 
communicaMon with the male, and also those 
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which fall after impregnation. When the ini' 
pregnat ed eggs fall into the uterus, every thing 
proceeds in the manner described by De Graaff. 

These observations of Malpighius demonstrate, 
that the testicles of females are not real ovaria; 
that the resides they contain are not eggs; that 
these vesicles never fall into the uterus; and that 
the testicles, like those of males, are only reser> 
voirs, containing a liquor winch may be regarded 
as female semen in an imperfect state. I'his se- 
men is matured in the yellow glandulous bodies, 
of which it fills the internal cavities, and flows 
out after the yellow bodies have acij^uired their 
full size. 

But, before we form a judgment concerning 
this important point, we must attend to the re- 
marks of Valisnieri. 

In the year 1692, Valisnieri began his expe- 
riments upon the testicles of the sow. The tes- 
ticles of the sow differ from those of cows, of 
mares, of sheep, of she asses, of female dogs, 
of she goats, of women, and of most viviparous 
animals; for they ‘resemble a Ismail btmch of 
raisins, the grains of which are round and pro- 
. minent on the outside; between these grains are 
smaller ones, which have not acqiiirecl full matu- 
rity. These grains appear not to be covered 
with a common membrane. .I'liey are, says he, 
analogous to the yellow bodies observed in cows 
by Malpighius; they are royind, and of a reddish 
colour; their surface is interspersed with blood 
vessels, like the eggs of viviparous animals; and 
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the whole grains together form a iriaf» which is 
larger than the ovarium. With a little address, 
these grains may be separated from the ova* 
rium, and each of them, after separation, leaves a 
nitcb or depression. 

These glandulous bodies are not of the same 
colour. In some sows they are more red; in 
others more clear; and they arc of all sizes, 
from the smallest sc%?d to that of a raisin. On 
opening them, a triangular cavity appears, filled 
with a limpid liquor, which coagulates with 
heat, and becomes w'hite, like that which is 
contained in the vesicles. VaUsnieri expected to 
find the egg in some of these cavities, but in 
this he was disappointed; though he made a 
careful search into ail the glandulous bodies of a 
number of sows, and other animals, he could 
never discover the egg, which JMalpighius af- 
firms he once or twice found. 

Under these glandulous bodies, the vesicles of 
the ovarium appeared. 1‘hey were more or less 
numerous, according ns the glandulous bodies 
were larger or smaller ; for, » in proportion' to tiie 
largeness of the glandulous bodies, the vesicles 
diminished. Some vesicles were of the size of a 
lentil, and others exceeded not that of a millet 
seed. In the testicles, when raw, from twenty 
to thirty-five vesicles might be reckoned; but 
when boiled, a much greater number appear, 
and they are so firmly attached, that they can- 
not be separated without breaking some of 
them. 

Jiaving examined the testicles of a young 
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SOW, which had never brought foi^j he found, 
as in the others, the glandulous bodies; and their 
triangular cavities were likewise filled with 
lymph ; buthecould notdiscoveranyeggs, either in 
the one or the other. The vesicles of this young 
sow were more numerous than in those which bad 
brought forth, or those which were im'pregna^ed 
at the time of examination. In tlie testicles of 
another sow, which was faf advanced in preg^ 
nancy, Valisnicri found two of the largest glan- 
diilous bodies, which were flaccid and empty, and 
others, of a lesser size, in their ordinary state ; 
and, in several others, wliicdi he dissected when 
with young, he remarked that the number of 
glandulous bodies was always greater than the 
number of foetuses. This fact confirms what 
ive observed concerning the cxpcrihients of De 
GraafT, and proves that they are by no means 
exact. Wiiat he calls follicles of the ovarium 
are only the glaudulbus bodies, the number of 
which alwa^’s exceed^ that of the foetuses. In 
the ovaria of a sow, two or three months old, 
the testicles were pjctty large, and interspersed 
with vesicles of a considerable size. Among the 
•vesicles, the beginnings of four glandulous bo- 
dies appeared in one testicle, and of seven in the 
other. 

After these experiments np^n sows, Valisnieri 
repeats those of Malpigliius upon cows, and he 
ibund them to be exactly conformable to truth. 
He indeed' acknowledges, that he was never 
able to discover the egg which Malpighius ima-. 
ghied he had seen once or twice ,in the interior 
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less search in the testicles of sd'mhtiy^iiffB^I 
females, it was natural to think that V^isoieri 
would at least have doubted the existence of sach 
Ogle'S. But prejudice in favour of system madd 
him admit, pj)iitriipy to his own experience, the 
existence ‘6f eggs, wiiich neither he nor any 
other man ever saw, or ever will see. 

It is, pcrha];s, impossible to make a greater 
number, or more exact experiments, tliaii those 
of Valisnieri. Among other animals he ex- 
amined the ewe, and found ti)at she never has 
more glandnlous bodies in her testicles than 
foetuses in the uterus. In young ewes, which 
were never impregnated, there is but one glan- 
dulous body in each testicle, and when one is 
emptied it is succeeded by another; if a ewe 
has one foetus in the uterus, she has only one 
glandulous body in her testicles ; and if she has 
two foetuses, she has likewise two glandulous 
bodies. . This glanduiuus body occupies the 
greatest part of the testicle ; an<l, alter it is 
emptied and disappears, another begins to grow 
for the purpose of a future generation. 

In the testicles of a she ass, he found vesicles 
as large as small cherries ; which is an evident 
proof that they are not eggs, al it would be im- 
possible for them to pass, by the Fallopian tubes, 
into the uterus. 

The testicles of ITemale wolves, dogs, and 
foxes, are covered with a membrane, like a purse, 
which is an expansidn of that which 'surrounds 
the horns of the uterus. In a bitch which began 
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to be in season, but liad not been approat.'hed by 
the male, Valisiiiori found the internal part of 
tl)is purse, which docs not adhere to the testicle, 
moistened with a licpior that resembled whey, 
and two glandulous bodies in the right testicle, 
about two line.s in diapeter, and which occu- 
pied nearly the whole extent of the testicle. 
Each glandulous body bad a small nipple, with a 
distinct fissure, from which, without pressing it, 
there issued a liquor like clear whey ; he there- 
fore concluded that this liquor was the same 
which he found in the purse. He blew into this 
fissure with a pipe, and *the whole glandulous 
body immediately sw'elled; and, having intro- 
duced a bristle, he easily penetrated to its bot- 
tom. He opened the body on that side where 
he had introduced the bristle, and found an in- 
ternal cavity, which communicated with the 
nipple, and contained a considerable quantity of 
liquor. Valisnicri p’as always in hopes of disco- 
vering the egg; but these hopes, notwithstand- 
ing all his researches, were uniformly frustrated. 

He likewise found' in the left 'testicle two glan- 
dulous bodies very similar to those in the right. 
He boiled two of thc.se glandulous bodies, hoping 
that, by this meiqj|,s, he might discover the egg; 
but still .'Without any measure of success. 

. Having dissected another bitch four or five 
days after she had received the male, he found 
in the testicles three glandulous bodies, exactly 
similar to the former. He searched every where 
for the egg; but he was still disappointed. By 
the assistance of the microscope, he discovered 
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tlic glanduluu.'i bodies to be a net-work, cotn- 
[)nsed of an infinite number of globular vesicles, 
wiiich served to filtre the liquor that issued 
tliroiigii the nipple. 

He tlu^n opened another bitch, which was not 
in season ; and, having tried to introduce air be- 
tween the testicle and the purse whicli covered 
it, he found that it dilated like a bladder filled 
with air. Having rctnoved the purse, he disco* 
vered two glandulous bodies upon the. testicles} 
but they had neither nipple nor fissure, and no 
liquor distilled from them. 

In another bitch, that had brought forth about 
five whelps two months before, he found five 
glandulous bodies} but they were much dimi- 
nished in size, and Uhey began to disappear, 
without leaving any cicatrices. There remained 
only a small cavity in their centre } but it con- 
tained no liquor. 

Not satisfied with these and many other ex- 
periments, Valisnieri, who passionately desired, 
to discover this pretended egg, calletl together 
the best anatomists, his country aUbrded, and, 
among others, M. Morgagni ; and, having opened 
a young bitch, that wu.s for the first time in 
season, and that had been covered three days be- 
fore, they examined the vesicles of the testicles, 
the glandulous bodi^ with their nipples, their 
canals, and the liquor in their internal cavities; 
but they could perccivy no eggs. Fie then, with 
the same intention, made experiments on she 
goats, foxes, cats, a number of mice. Sec. In 
the testicles of all these animals, he uniformly' 



468 


EXAMINATION OP 


found the vesicles, and frequently the glanduloii!* 
bodies, with the liquor tlicy contained i but no 
egg ever appeared. 

In Ane, being desirous of examining the tes* 
tides of women, he had an opportunity of open- 
ing a young countrywoman, who had been 
some years married, and who was killed by. a 
fall from a tree. Though of a robust and vigor- 
ous constitution, she had ‘never born any chil- 
dren. He endeavoured to discover if the cause 
of her barrenness existed in the testicles; and 
he found that the vesicles were all ^Alle<l with a 
blackish and corrupted matter. 

In a young girl of eighteen year's of age, who 
had been brought up in a convent, and who had 
every ajrpearance of real virginity, he found the 
right testicle a little longer than the left : it was 
of an oval figure, and its surface was somewhat 
unequal. This inequality was occasioned by five 
or six vesicles which protruded on the outside of 
the testicle. One of these vesicles, which w'as 
more prominent than the rest, he opened, and a 
quantity of lymplv rushed out. * This vesicle was 
surrbunded with a glundulous substance, in the 
'shape of a crescent, and of a reddish yellow co- 
lour. He cut the testicle transversely, and found 
a number of vesicles filled with limpid liquor; 

, and he remarked, that the Fallopian tube of this 
testicle was redder and somewhat longer than the 
other, as he had often observed in other animals 
when they were in season. 

The left testicle was whiter, and its surface 
more smooth ; for, though some vesicles were a 
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little proiniiicnt, none of them were in tlie form 
of nipples; they were all similar to each other, 
end the corresponding Fallopian tube was neither 
swelled nor red. 

. In the body of a girl, aged five years, he found 
the testicles, with their vesicles, their blood vessels, 
and their nerves. 

In the testicles of a, woman of sixtj' years, he 
discovered some vesicles, and the vestiges of a 
glandulous substance, like large points of an ob- 
scure yellowish brown colour. 

From all these observations, \";iiisiiieri con- 
cludes, that the woik 6rgcncraliou is carried on 
in the female testicles, which he continued to re- 
gard as ovuria, though he never could find any 
eggs in them, and though, on the contrary, he 
had discovered that the vehicles were not eggs. 
He says, likewise, that, .for the impregnation of 
the egg, it is not necessary that the male semen 
should enter the uterus. Up supposes, that the 
egg escapes through the nipple of the glandulous 
body, after being impregnated in the ovarium j 
that it then falls into the FaUo*pian tube ; that it 
gradually descends, and at last attaches itself to 
the uterus : he adds, that he is fully persuaded 
that the egg is concealed in the ca\ ity of the 
glandulous body, though neither he nor any other 
anatomist was ever able to discover it. • 

In his estimation, the spirit of the male seed 
ascends into the ovarium, penetrates the egg, 
and gives motion to the foetus, which previously 
existed in the egg. In the ovarium of the origi- 
nal mother of mankind, he observes, were eggs. 
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which contained not only all the children she 
produced, but of the whole human race. If 
this chain of infinite individuals contained in 
one be incomprehensible to 11s, it is entirely 
owing to the imbecility of our minds, of which 
we have daily proofs. But it is not, therefore, 
less consonant to truth, that all the animals which 
have existed, or can exist,, were created at once, 
and were all included in their first mothers. The 
resemblance of children to their parents is owing, 
he continues, to the imagination, which acts so 
forcibly on the fmtus as to produce stains, mon- 
strosities, disorder of parts, and extraordinary 
concretions, as well as perfect similarities. 

This system of eggs, though it explains no- 
thing, and has no foundation in nature, would 
have obtained the universal .suffrages of physi- 
ciaiis, if, nearly about the same time, another 
opinion had not sprung up, founded upon the dis- 
covery of spermatio animals. 

Toil! discovery, ultich we owe to Leeuwen- 
hoek ...id Hartsoeker, was confirmed by Andry, 
Vall.-iiieri, Buurguet, and many other observers. 

, I shall relate what has been advanced concern- 
ing those spermatic animals which arc found in 
the semen of all male's. Their number is so 
great, that t he -semen seems to be entirely com- 
• posed of them ; and Leeuwenhoek pretends to 
have seen many millions of them in a drop less 
than the smallest grain of sand. Though none 
of them appear m females, they are found in the 
emitted semen of ail males, in the testicles, and 
in the vesiculm seminalcs. When the semen of 
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4 ma%is exposed to a moderate heait, it thickens, 
and the motion of all the animalcules is sud- 
denly stepped. But, when allowed to cool, 
it dilutes, and the animals continue in motion 
till the liquor again thickens by evaporating. 
The more this fluid is diluted, the number of 
animalcules is augmented •, and, when greatly 
diluted by the addition of water, the whole sub- 
stance of the fluid seems to be composed of ani- 
mals. When the motion of the animalcules is 
about to cease, cither on account of heat or of 
drying, they appear to approach nearer each 
other, to have a comnton circular motion in the 
centre of the small drop under observation, and 
to perish, all of them, at the same instant. But, 
when the quantity of liquor is greater, it is easy 
to distinguish them dying in succession. 

These animalcules are said to be of different 
figures in diflerent animals; but they are all 
long, thin, without any members, and move 
with rapidity in every direction. The fluid in 
which they are contained, as formerly remarked, 
is much heavie'r than blqpU. The semen of 
ahull, when chemically analysicd by Verrlieyen, 
yielded first phlegm, then a considerable quan- 
tity of fetid oil, a very small proportion of vo- 
latile salt, and more earth than he expected 
This author was surprised that he could draw up 
spirit from the distillation of semen; and, as 
he imagined it contained a great quantity of 
spirits, he attributed the evaporation of them to 


* See Verrheyen sup. Anat. tom. ii. p. 69. 
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their subtilty. But may we not suppose, with 
more probiil>ility, that it contains Jitile or no 
spirits ? Neither the consistence, nor the odour of 
this fluid, indicate the presence of ard« nt spirits, 
which never abound but in fermented licpiors ; 
and, with regard to volatile spirits, the iiorns, 
bones, and solirl parts of animals, aflbrd more 
of them than the fluids. Wluit luis received the 
appellation of seminal spirits, aura semivulis, 
among anatomists, has, perhaps, no existence; 
and it is certain, that the moving bodies appa- 
rent in the seminal flnid are not agitated by these 
spirits. ,But, that we mfty be enabled to pro- 
nounce more clearly concerning the nature of 
the semen, and of its animalcules, we shall pre- 
sent the reader with the principal observations 
which have been made on the .subject. 

Leeuwenhoek having examined the semen 
of a cock, perceived amumber of animals similar 
to river eels; but they w'ere so minute, that 
50,000 of them were not equal in bulk to a 
grain of saiid. Of those in the semen of a rat, 
it required, he .says; .many iiiilli&ns to make the 
thickness of a hair, &c. Tliis excellent observer 
was persuaded, that the whole substance of 
the semen was only a mass of animalcules. He 
saw these animalcules in the semen of men, of 
quadrupeds, of birds, of fishes, and of insects. 
In the semen of a grasshopper, the animalcules 
were long, and extremely tlijn. They appeared, 
he says, to be attached by their superior end ; 
and the other end, which he calls their tail, had ‘ 
a brisk motion, like that of the .tail of a serpent 
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when its licad is fixrd. In the semen of yonng 
animals, when cxiunined before they have any 
s«*xual appetite, lie alleges tliat he saw the same 
minute iuiirr.als, and that tney had no motion : 
but, when liieseasotj of love arriveil, the animal- 
cules moved with great vivacity. 

In the semen of a male frt)g, he saw animal- 
cules; but, at first^ thiy were imperfect, and 
had no uiotion : some time after ho lound tiiem 
alive. They were so minute, he observes, that 
10,000 of them were only equal in bulk to a 
single egg of the female. 

In the .semen of a ‘man and that of a dog, he 
pretended to see two species of animalcules, re- 
sembling males and females. Hnving shut up 
the semen of the dog in a small phial, he says, 
that a great number of animalcules died the first 
day; that, on the second and third day, still 
more of them died ; and that lew of them were 
alive on the fourtli «lay. ,But, having repeated 
this experiment on the semen of the same dog, 
he found, at the' cud of seven days, the animal- 
cules as brisk and lively hs if they bad been 
newly oxlraeted from the animal : and, having 
opened a bitch, tiuit, some time before the e.xpe- 
riment, had been tlirec times covered by the same 
dog, ho could not perceive, with his naked eye, 
any male semen in the uterus or its appendages; 
but, by the assistance of the microscope, he found 
the spermatic animals of the dog in both horns 
of the uterus: in that part of the uterus vvhicit 
is nearest the vagina, he discovered great num- 
bers ; which evidently proves, says he, that the 
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male semen enters the uterus, or, at least, that 
the spermatic animals of the dog had arrived 
there by their own motion, which cnabh s them 
to pass over four or five inches in half an hour. 
In the uterus of a female rabbit, which had just 
received the male, ho observed an infinite num- 
ber of spermatic animals. He remarks, that the 
bodies of these animals arc round ; and that they 
have long tails ; and that they often change their 
figure, especially when the fluid in which they 
swim begins to dry up. 

These experiments of Leeuwenhoek were re- 
peated by several people, who found them ex- 
actly consonant to truth. But Dalenpatius, and 
some others who were inclined to cx<;eed Leeu- 
wenhoek in acuteness of vision, alleged, that, 
in the semen of a man, they not only found 
animals resembling tadpoles, whose bodies ap- 
peared to be as large"* as a grain of corn, with 
tails about four tim^s as long as their trunks, 
and which moved with great agility but, what 
is still more amazing, Dalenpatius saw one of 
these animals break' through its coat or cover- 
ing : it was then no more an animalcule, but a 
real human body, in which he easily distin- 
guished the two arms and legs, the breast and the 
head *. But it is apparent, from the very figures' 
given by this author of the embryo which he 
pretended to have seen escape from its covering, 
that the iact.is absolutely false. He believed that 

* Sfi; Nouvt^Ilfj.s dfc ]*i Republic cics Letlrcs, aim. 
p* 552 . 
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he saw what lie describes; but he was deceived; 
for this embryo, according to liis description, was 
more completely formed, at tlie time of its traiis- 
migralioii from the condition of a spermatic 
worm, than it is in the iilerus of the mother at 
the end of tlie fourth or fifth week. Hence 
this observation of Dalciipatius, instead of being 
confirmed by futni'e experiments, has been re- 
jected by all naturalists, the most acute of whom 
iiave only been able to discover, in the seminal 
fluid of man, round or oblong bodies, which ap- 
pear to have long tails, but no members of any* 
kind. 

One would be tempted to think that Plato had 
been acquainted with these spermatic animals, 
which are transformed into men ; for, at the end 
of his TimiPus*, he says, “ Vulva quoque ma- 
trixque in foeminis eadem ratione animal avidum 
generandi, quando procid a foetu per mtatis flo- 
rem, aut ultra diutius detinetur, mgre'fert moram 
ac piiirimum iudign.itur, passiinque per corpus 
oberruns, incatiis spiritus iutercludit, respirare 
non sinit, extremis vexat ungnsliis, niorbis deui- 
que omnibus premit, qiumsque utrorumqiic cu- 
pido amorqtfc, quasi ox arboribus fcctiim fruc- 
tumve prodiicunt, ipsum deindc decerpunt, ct in 
matrieem velut agrum insparguiit: bine animalia 
prininm talia, et nec propter parvitatem videan- 
tnr, iiccdum appareaiit formata, concipitint; ino.'s: 
qua? conllavcraiit,' explicant, ingentia intiis enu- 
triuiit, demum educunt in luceni, aniiiiuhumquu 


* P. loss, edit. Ficini. 
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gcnerationem pcrficiuut.” Hippocrates, ui liis 
treatise De Dufta, seems likewise to insinuate 
that tlie semen of animals is full of animalcules. 
Democritus talks of certain worms which assume 
the human figure; and Aristotle tells us, tliat the 
first men issued from the eartli in the form of 
worms. But neither the authority of Plato, of 
Aristotle, of Hippocrates, qf Democritus, nor 
that of Dal^npatius, will ever be able to bestow 
credibility on a notion which is repugnant to the 
repeated experience and observation of all those 
who" have hitherto made inquiries into this 
subject. 

Valisnieri and Bourguet perceived small worms 
in the semen of a rabbit: one of their extremities 
was longer than the other; they were very active 
in their [motions, and beat the fluid with their 
tails: sometimes thev raised themselves to the 
top of the liquor, and sometimes sunk to the 
bottom; at other timc,s they turned round, and 
twisted like serpents: .in fine, says Valisnieri, I 
clearly perceived them to be real animals: “ E 
gli riconobbi, e gli gindicai senza duhitaincnto 
alcuno per veri, verissimi, nrciverissimi vermi*. 
This author, though pre judiced in favour of the 
ovular system, admitted the actual existence of 
spermatic aninials.- 

M, Andry pretends, that he could find no ani- 
mals in human semen previous to the age of pu- 
berty; that tlicy exist not in tlu; semen of very 

old men ; that there are few of liicm in those who 

* 

* Sci: optre del Cav. Valisnieri, tom, ii. p. 105. 
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are afFectcd with the venereal disease, and that 
these few are in a languishing state; that none 
of them appear alive in impotent persons; and 
that the animalcules in the semen of men hare a 
larger head than those of other animals, which 
corresponds, he observes, with the figure of the 
foetus and infant; and he adds, that those who 
use women too frequently have generally few or 
no animalcules in their semen. 

Leeuw'enhoek, Andry, and others, exerted 
every effort against the egg system : they disco- 
vered in the semen of all males living animal- 
cules; they proved lhat these animalcules could 
not be regarded simply as inhabitants of this 
fluid, since the ijuantity of them tvas larger than 
that of the fluid itself; and since nothing similar 
to them existed eilhc” in the blood, or in any 
other of the animal fluids: they maintained, that 
as females furnished no animalcules, their fecun- 
dity was solely derived from the males; that the 
existence of living animftls in the semen throws 
more light upon, the nature of generation than all 
the former discoveries on 4his sul^cct; because 
the greatest diflkulty in generation is to conceive 
how life is first produced, the future expansion 
and growth of the parts being only accessory ope- 
rations; and, consequently, that not a doubt re- 
mained of these animalcules being destined to 
become men, or perfect animals, 'according* to 
their species. When the improbability was ob- 
jected to them, that millions of animalcules, all 
equally. capable of becoming men, should be cm- 
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ployed Ibr this purpose, while only one of them 
was to enjoy the singular advantage of being ad- 
mitted into the condition of humanity; when it 
was demanded of them, why this useless profusion 
of human germs was employed ? they replied, that 
it corresponded with the usual magniticcnce of 
Nature; that, in plants and trees, millions of 
seeds were produced, wliile only a few of them 
succeeded ; and that, therefore, we ought not to 
be surprised at the prodigious number of sper- 
matic animals. When the extreme minuteness 
of a spermatic worm, cofnpared with the body of 
a man, was mentioned to them as a difficulty, 
they answered, that the seeds of trees, of the 
elm, for example, w'cre equally minute, when 
compared with the i^erfect individuals; and they 
added, with eqnal propriety, metaphysical argu- 
ments, by which they proved, that largeness 
and minuteness were only relations, and that the 
transition from small to great, or from great to 
small, was performed by Nature with greater fa- 
cility than we could possibly imagine. 

Besides, they asktvl, are there not frequent 
examjdes of *hc transformation of insects? Do 
we not daily sec small aquatic worms, by simply 
. throwing off their skin or covering, fram which 
they receive their external figure, transformed 
into winged animals? May not s|)crmatic ani- 
malcules, by a similar transformation, become 
perfect animals? Every thing, therefore, they 
conclude, concurs in establishing this system of 
generation, and in overturning that which is 
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founded on the notion of eggs; and, though eggs 
really existed in viviparous animals, as well as 
in the oviparous, these eggs would only be the 
matter necessary for the growth and expansion of 
the spermatic worm, which enters by the pedicle 
which attaches the egg to the ovarium, where it 
finds abundance of nourishment. AH the worms 
which are so unfortunate as to miss this passage 
through the pedicld into the egg, perish, and 
that one alone which finds the proper road is 
transformed into a perfect aniiiitd. The difli- 
culty of finding this passage is sufllcient to ac- 
count for the great number and apparent profu- 
sion of the spermatic animals. It is a million to 
one against any individual worm’s finding this 
passage; but, to compensate this dilliculty, there 
are more than a million of worms. When a worm 
has once got p.osscssiun of an egg, no other can 
enter into it; because, say they, the first worm 
shuts up the pas.>:age ; or rather, there is a valve 
at the entry to the pedicle, wdiich plays while 
the egg is not perfectly full ; hut, when the worm 
has filled the egg, this valve will not open, though 
pushed by a second worm. Besides, this valve 
is* exceedingly well contrived ; for, if the worm 
should chance to descend through the passage by 
which it entered, the vah’c prevents its escape, 
and obliges it to remain till it he transformed. 
The spermatic worm then becomes a real foetu's; 
and it is nourished by the substance of the egg, 
and the membranes serve it fur a covering; and, 
when the nourishment contained in the egg be- 
gins to fail, the foetus attaches itself to the inter- 
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nal surface of the uterus, and, by this means, 
extracts nourishment from the blood of the 
mother, till, by its weight, and the increase of 
its strength, it at last breaks oif all connexion 
with the uterus, and issues into the world. 

According to this system, it was not the first 
woman, but the first man, who contained all man- 
kind in his own body. The preexistent germs 
are no longer inanimate cilibryos locked up in 
eggs, and included, in infiniluni, within each 
other. They are, on the contrary, small ani- 
mals, or organized living homimculi, included in 
each other in endless succession, and which, to 
render them men, or perfect animals, require no- 
thing but expansion, and a transformation similar 
to that of winged insects. 

As physicians are at present divided between 
the system of spermatic worms, and that of eggs, 
and as every new- writer upon generation has 
adopted either the one or the other of tliese hypo- 
theses, it is necessary to examine them with care, 
and to show not only their insufliciency to ex- 
fdain the phienomcna of generation, but that they 
rest upon suppositions which arc entirely destitute 
» of probability-. 

Both systems suppose an infinite progression, 
which, as formerly remarked, is a mere iilusipn 
of the brajn. A. spermatic worm is more than 
a .lhousand million of times smaller than a man. 
If, then, the body of a man be taken as an unit, 
the body of a spermatic worm w'ill be expressed 
bji the fraction TTI’O 0"D 0 OTroVj i. €. by a number 
consisting of ten cyphers; and, as a man is to a 
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spermatic worm of the first generation in the 
same proportion as this worm is' to a worm of the 
second generation, the size of iliis last spermatic 
worm will be expressed by a number consisting 
of nineteen cyphers; for the same reason, the 
size of a spermatic worm of the third generation 
must be expressed by a number consisting of 
twenty-eight C3'phf‘rs, that of the fourth genera-' 
tion by thirty-seven "cyphers, that of the fifth 
generation by forty -six cyphers, and that of the 
sixth generation by fifty-five cyphers. To forn;t 
an idea of tlie niintiteness represented by this 
fraction, let us take tin.* dimensions of the sphere 
of the universe from the Sun to Saturn; and, sup- 
posing the Sun to be a million of times larger 
than the Earth, and distant from Saturn a thou- 
sand solar diameters, we shall find that forty-five 
cyphers arc suflicient to express the number of 
cubic lines contained in this sphere ; and, if we 
reduce each cubic line into a thousand million 
of atoms, no more than fiftj’-four c^'phers will be 
necessary to express their number: of course, a 
man will be proportionally greater, when com- 
pared with a spermatic worm of the sixth gene* 
ration, than the sphere of the universe when com- 
pared to the smallest atom that can be seen with 
the assistance of a microscope. Bnt, if this cal- 
culation were carrig;} on to the sixteenth genera-, 
tion, the minuteness would exceed all powers of 
expression. It is apparent, therefore, that the 
probability of this hypothesis vanishes in propor- 
tion as the object diminishes. This calculation* 
VOL. II. ^ i 
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applies equally to eggs as to spermatic worms; 
and the want of probability is common to both. 
It will, no doubt, be objected, that, as matter is 
infinitely divisible, this gradual diminution of size 
is not impossible. To this I reply, that all in- 
iinities, whether in geometry or in arithmetic, 
are only mental abstractions, and have no actual 
existence in Nature. If the infinite divisibility of 
matter is to be regarded as an absolute infinite, 
it is easy to demonstrale, that, in this sense, it 
has no exi.stcnce; fir, if we once suppose the 
smallest possible atom, by the very supposition, 
this atom must be indivisible; because, if it were 
divisible, it would not be the smallest possible 
atom, which is contrary to the supposition. It 
is, therefore, apparent, that every hypothesis 
which admits an infinite progression ought to be 
njected not only as false, but as destitute of 
every vestige of probability; and, as both the 
vermicular and ovular systems suppose such a pro- 
gression, they shoufd be excluded for ever from 
philosophy. 

These systems ate liable to sAiother objection : 
in the ovular system, the first woman contained 
'both male and femaile eggs; the male eggs 
could only give origin to males; but the female 
eggs must have contained millions of generations 
of both niales and females : hence every woman 
inust have always contained a certain number 
of eggs capable of being ijn folded in in^nitum, 
and another number, which could only be un- 
folded once, and could have no fartlier ope- 
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ration in the series of existence. The same 
thing must take place in the vermicular system. 
Hence we may conclude, that there is not the 
smallest degree of probability in hypotheses of 
this nature. 

A third difficulty still remains, arising from 
the resemblance of children sometimes to the 
father, sometimes to,the mother, and sometimes 
to both, and from the evident characters of spe- 
cific differences in mules and other monstrous 
productions. If the foetus proceeds from, the 
spermatic womi of the father, how comes the 
child to resemble its mother? If the foetus pre- 
exists in the egg of the mother, how should the 
child resemble its father ? And if t he spermatic 
worm of a hoi’se, or the egg of a she ass, be the 
origin of the foetus, how should the mule par- 
take of the nature and figure both of the horse 
and ass ? 

These general objections, though perfectly 
invincible, are not the only difficulties witlt 
which both systems are embarrassed. May it 
not be demanded of those Who embrace the ver- 
micular system, how these worms are trans- 
formed, and wherein consists the analogy be- 
tween this transformation and that which insects 
undergo ? The caterpillar, which is to become a 
butterfly, passes through a middle state, and, afjtor 
it ceases to be a chrysalis, is completely formed, 
has acquired its full growth, and is instantly 
capable of generating: but, in the pretended 
transformation of the spermatic worm of a man, 
there Is no middle or chrysalis state j and, sujl^ 
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posing it should happen dhring the first days of 
conception, why is not' the production of this 
chrysalis, in place of an unformed embryo, a 
perfect adult. ? Here all analogy ceases } and, of 
course, the notion of the transformation of the 
spermatic worm can receive no support from this 
quarter. 

Besides, the worm which is to be transformed 
into a lly proceeds from an egg; this egg is 
impregnated by the copulation of the male and 
female, and it includes the foetus, which is to pass 
into a chrysalis, belbrc it arrives at the perfect 
state of- a lly, and before 'it acquires the power 
of generating.' But the spermatic worm has no 
generative faculty ; neither does it proceed from 
an egg : and, though it should be supposed that 
the semen contains eggs which produce the sper* 
inatic animals, the same difficulty still remains; 
for these supposed eggs are not a result of the 
copulation of two sexes, like those of insects. 
Consequently the analogy fails here likewise; 
and the transformation of insects, in place of 
strengthening this hypothesis, seems to destroy 
it entirely. 

The seeds of vegetables are resorted to, in 
' order to account for the infinite Dumber of sper- 
matic animals: but this analogy does not ap- 
ply; for all the spermatic animals, one only ex- 
cepted, must absolutely perish. The seeds of 
vegetables, however, are not, subject to the same 
necessity. When they become not vegetables 
themselves, they nourish other organized bodies, 

. and sen'e the purposes of growth an^ of jrepro- 
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duction to animals. But the prodigious super- 
fluity of spermatic animals can answer no end 
whatever. I make this remark, purely because 
I wish to omit notliing that has been advanced 
on the subject ; for I acknowledge, that no ar- 
gument drawn from tinal causes can cither esta- 
blish or destroy a physical theory. 

The apparent equality in the number of sper- 
matic animalcules in all animats, has also been 
objected to by the supporters of iliis doctrine. 
If these animalcules arc the immediate caii.se of 
generation, why is tlyi-re no proportion between 
their numbers and those of tl»e young, which 
are various in men, quadrupeds, birris, fishes, 
and insects? Besides, there is no proportional 
difference in most species of spermatic animals, 
those of a rat being nearly'* equal in size to those 
of a man. Even when a difference in size takes 
place, it has no proportion to the bulk of the 
animals. The spermatic aftimnls of the calmar, 
which is a small ^fish, arc 100,000 times larger 
than tliose of a man or of a, (Jog. This is an ad- 
ditional proof that these worms are not the sole 
and immediate cause of generation. 

The particular objections to the ovular system 
are not less weighty'. If the f(£tus existed in 
the egg before the junction of the male and 
Icmale, why do we not sec the foetus in the eg]; 
before impregnation, as clearly as after it? Wc 
formerly mentioned that hlalpighius always 
found the foetus in eggs which had received the 
impregnation of the male, and could discover 
nothing but an unformed mole or mass in the 
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cicatrice of unimpregnated eggs. It is, there' 
fore, evident, that the foetus is never formed till 
the Ogg has been impregnated. 

Farther, we not only cannot discover the foe- 
tus in eggs before the intercourse of the sexes, 
but we have not been able to demonstrate the 
existence of eggs in viviparous animals. 1 hose 
physicians w’ho pretend that, the spermatic worm 
is the ft.-.tus inclosed in a coat or covering, are 
at least ascertained of the existence of spermatic 
worms; but those who maintain that the foetus 
preexists in the egg, have no evidence of the 
existence of the egg itself; for the probability of 
the nonexistence of eggs in viviparous animals 
amounts almost to a certainty. 

Though the partisans of the ovular system 
agree not as to what ought to be regarded as the 
real egg in the testicles of females, they all allovv, 
however, that impregnation is accomplished in 
the testicles or ovarium. But they never con- 
sider, that, if this were the case, most foetuses 
would be found in the abdomen instead of the 
uterus; for, as the ‘superior extremity of the 
Fallopian tube is unconnected with the ovarium, 
the pretended eggs would often fall into the ab- 
domen. Now, we know this to be at least a 
very rare phmnomenon ; and it is probable that 
it .never happens, but by means of some violent 
accident. 

These objections and diSiculties have not 
escaped the ingenious author of Fenus Fkj/sigue. 
But, as his work is in the hands of the public, 
and as it admits not of abridgment, we lihall 
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refer the reader to the book itself; and shall 
conclude with an account .of a few particular 
experiments, some of which appeared to favour, 
and others to contradict the above systems. 

In the History of the Academy of Sciences, 
ann. 1701, some objections are pro{x}sed by M. 
Mery against the egg system. Tliis .able anato- 
mist maintained, witlj propriety, that the vesicles 
found in the testicles of females are not eggs ; 
that they adhere so firmly to the internal sur- 
face of the testicle, as not to admit of a natural 
separation ; and that, though they could separate 
from the substance of the testicle, it was impos- 
sible for them to get out of it, because the tex- 
ture of the common membrane inclosing the 
whole testicle is so firm and Strong, that it is im- 
practicable to conceive the possibility of its being 
pierced by a vesicle, or round soft egg. And, 
as most anatomists and physicians were prepos- 
sessed in favour of the egg system, and imagined 
that the number of cicatrices in the testicles cor- 
responded with tile number of foetuses, M. Mery 
showed such a quantity of tllese cicatrices in the 
testicles of a woman, as, upon the supposition 
of the truth of this system, would have argued 
a fecundity beyond the power, of credibility. 
These difiiculties stimulated other anatomists of 
the Academy, who were partizans of the eggs, 
to make new researches. M. Duverney ex- 
amined the testicles of cows and sheep, and 
maintained that the vesicles were eggs, because 
some of them adhered less firmly to the testicles 
than others; and that it was natural to suppose 
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they separated altogether when they arrived 
at full maturity; especially as, by blowing into 
the cavity of the testicle, the air passed between 
the vesicles and the' adjacent parts. M. Mery 
simply replied, that this proof was insufficient, 
as these vesicles were never seen separate from 
the testicles. M. Duverney farther observed 
the glandulous bodies upon the testicles; but 
he never considered them as parts essential to 
generation, but as accidental excrescences, like 
gall-nuts on the oak. M. Littre, whose pre-. 
judices in favour of eggs were still stronger, 
maintained not only that the vesicles were egg.s, 
but even assured us, that he discovered in one of 
them a well formed foetus, of which he could 
distinguish both the head and trunk; and he has 
even given their dimensions. But, admitting 
this wonder, which never appeared to any eyes 
except his own, to be convinced of the doubt- 
fulness of the fact, ^ye have only to peruse his 
memoir*. 7rom his own description, it appears 
that the u^eius was schirrous,’ and the testicle 
very much corrupted ; that the vesicle or egg, 
which contained the pretended foetus, was much 
less than common, &c. 

" ' Nuck furnishes us with a celebrated experi- 
ment in favour of eggs. He opened a bitch 
tljrec days af>.er copulation ; he drew out one of 
the horns of the uterus, and tied it in the middle, 
so as to prevent the superior part of the Fallo- 
pian tube from having any communication with the 


* Ann. 1701, p. III. 
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inferior. After this, he replaced the horn of the 
uterus, and closed the wound. Twenty -four 
hours afterwards, he again opened the wound, 
and found two foetuses in the superior part of 
the tube, that is, between the testicdes and the 
ligature ; and there was no foetus in the under 
part. In the other horn of the uterus that was 
not tied, he found .three foetuses, regularly dis- 
posed ; which proves, says he, that the foetus 
proceeds not from the male semen, but that it 
exists in the egg of the female. Suop?' tJ. 
experiment, which is single, had I-. n a t-.- 
peated with the same success, the cor isitiu »hc 
author draws from it is not legitim.. le i- • • >veR 
no more than that the foetus may J^e .'".rracd 'Oi' 
the superior part of the horn of tin- -ueru''; *. 
well as in the inferior; and it is uaf-‘i.^‘ to th. 
that, by the pressure of the ligature tlu; 
liquor in the inferior part was forcet' . sdf, 
course, frustrated the work of gen<;. .li''': •*' ' i 
region of the uterus. 

This is all the length that ar' '^rnists 
physicians have proceeded iu the i 
neration. It only remains that .V .V'V 'J0'. ? 

results of niy own experiments f ;‘ q 
and I shall leave the reader to jadi’^yroi; 
my system be not infinitely mo. 
to Nature than any of those whic'^'hM^ ' 
meratetl. 
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Experiments on Generation. 


I OFfEN reflected, on the above two systems 
of generation, and was dally more and more 
convinced that my theory was infinitely more 
probable. At length I began to suspect that those 
h'ving organ'c particles, from which I thought 
■ nrii and vegetables derived their origin, 
i^ogniscd by the assistance of good 
first- notipn was, that the spermatic 
ii. found inUbe senynal fluid of all 

probab% be those very organic 
^ I reasoned in this manner. If all 
av: ak- ahd^^egetables contain an infinite nuip- 
particles, these particles should- be 
' in theifj seeds, because the seed is- 
all thQ organic parts, and espe- 
whichi are most analogous to the 
3^^|^Pijii!ir?j^rhaps tli^ spermatic animals found 
e oi’ males may actually be those very 
organic ]^tTeIc8, or, least, the first union op 
assemblages .of them. But, if this be the case, 
then the semen of femijdes ought to contain, or- 
ganic living, particles, br animalcules, similar to 
those of the. , male.' ithey ought, for the samo 
reason, ; to found in fthe seeds of plants, in the 
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iicctaiium, and in the stamina, which' are the 
most essential parts of vegetables, and contain 
the organic particles necessary for iheir repro- 
duction. I therefore determined to examine with 
the microscope the seminal liquors of males and 
feipales, and the germs of plants; and, at the 
same time, I imagined that tlie cavities of the 
glandulous bodies of the uterus might be the re- 
servoirs of the female semen. Having commu- 
nicated my ideas of this subject to my ingenious 
friends Mr. Needham, M. Daubenton, M. Gue- 
iieau, and M. Dalibard, they encouraged me to 
commence a set of experiments, in order to throw 
this mysterious operation of Nature. 
'ese gentlemen occasionally attended and 
c: but particiflarly M. Daubenton, who 
absent, and nho was witness to' every 

I made. 

* 

k1 a double microscope, which 1 had 
t^edhani, being,the same with which 
numcrans and ingenious >scrva- 
in^trumeut is infinit'') f '^ble 
jred by Lceu«ve« 

I7W. 

mention*) tly fly ‘ * .le 

some precauti^^V^^'^' .. tho 
which, now that siv't >> well 

Known, and mach improved since the atwLf' >^te, it is tfa* 
necessary to translate. 



EXPERIMENTS 


EXPERIMENT I. 


Having procnred the seminal vessels of a man 
who died a violent death, and whose .Itocly was 
still warm, I ^extracted all. the liquor froiq them, 
an4 put it :in a phial. 1 examined,, by th4:|uicro> 
scope, a d|rop, of this liquor^ withoutjauj^^^^^’’* 
^ soQtt t^jvappum,. 
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themselves entirely from, the large filament, and 
draw after them the little thread, which resem> 
bled a tail. As the liquor was too thick, and 
the filaments too near each other, I diluted an- 
other drop with pure rain water, after sal\sCy\ng 
myself that it contained no animalcules. 1 then, 
perceived that the filaments were more distant 
from each other, and saw distinctly the motion 
of the small bodies a*bove taken notice of (pi. ix. 
fig. ’5), 'which was more free, and they appeared 
to swim with greater agility, and trailed their 
threads after them with greater ease; and, if 1 
had not seen them separate from the filaments, 
and draw the threads out of them, I should liave 
believed, from this second observation, the mov- 
ing bodies to be^ real ^mimals, and their threads 
to be tails. After examining with great attention 
one of the filaments, which was three times 
thicker than the small bodies, 1 perceived two 
pf these bpdies detach themselves, with much 
difficulty, and drag after them lung slender 
threads, which impeded their motion. 

This seminal liquor was at first too thick : but 
it gradually became more fluid,, and in less than 
an hour it was almost transparent; and, in pro- 
portion as its floidity augmented,, the phsenomena 
changed^ in the manner to be just mentibhed. 
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EX PER. II. 

When the seminal liquor became more fluid, 
the filaments disappeared; but the small bodies 
were exceedingly numerous (pi. ix. fig. 6). 
Their motion, for the most part, resembled that 
of a pendulum ; each of them had a long thread, 
from which they evidently endeavoured to dis- 
engage themselves; their progressive motion 
was extremely slow, during which they vibrated 
to the right and left. At each vibration, they 
had a rolling, unsteady motion; so that, besides 
their horizontal vibrations, they roll or vibrate in 
a verticle direction; whith proves these bodies 
to be of a globular figure, or at least that their 
interior part is not a flat base sufficiently exten- 
sive to keep them in one position. 


E X P E R. IIP. 

At the end of two or three hours, when the 
liquor was more fluid, a still greater number of 
these moving bodies appeared (pi. x. fig. 7). 
They were more free of incumbrances; their 
threads were shorter; their progressive motion 
was more direct; and their horizontal vibration 
was greatly diminished ; for the longer the threads 
were, their, vibratory motion was increased, and 
their progress forward was diminished. The ver- 
tical vibration w'as still apparent. 
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E X P E R. IV. 

In five or six hours, the liquor imtl almost alt 
the fluidity it could acquire, without being de- 
composed. We then discovered ^pl. x. fig. 8) 
that most of these small moving bodies were en- 
tirely disengaged from their threads. Their 
figure was oval ; they moved forward with con- 
siderable quickness ; and, by their motion back- 
ward and forward, and to every side, they bad 
now more than ever*the appearance of real ani- 
mals. Those which had tails or threads sticking 
to them, seemed to have less vivacity than the 
others. Of those which had no threads, some 
appeared to change both their figure and their 
size. Some were round; but the greatest part 
of them were oval, and a few were thicker at the 
extremities than iu the middle. The rolling and 
vibratory motions were still perceptible. 


E X 1‘ E R. V. 

In twelve hours, the liquor had deposited, at 
the bottom ofthephial,akind of gelatinous, bluish, 
or rather ash-colourcd substance ; and the flyid 
that swimmed on the top was nearly as clear as 
water, only it had a tincture of blue, like water 
in which a small quantity of soap has been dis- 
solved. It still, however, retained its viscosity. 
The little bodies, which were now entirely freed 



EXPERIMENTS 


496. 

from their threads, moved with great activity on 
all sides, and some of them turned round their 
centres. Most of them were oval, though some 
of them were round. I have seen them change 
figures, and from oval become round : 1 have seen 
them divide, and, from a single oval or globule, 
separate into two. Their activity alv\'ays in* 
creased as their size diminished. 


EX PER. VI. 

At the end of twenty-four hours, the liquor had . 
deposited a greater quantity of gelatinous matter, 
\^d)ich 1 diluted, with some difficulty, in water. 
It appeared to consist of a multitude of opaque 
tubes, resembling lace, but without any regula- 
rity or the smallest motion. In the clear semen 
itself, there were a few small bodies still mov- 
ing; next day their number was still farther 
diminished. After this nothing was to be seen 
but globules without the least appearance of 
motion. 

These experiments were often repeated with 
great cxactnc.ss ; and they convinced me that the 
threads which adhere to the moving bodies are 
not tails, nor any part proper to these bodies ; 
fur the tails or threads have no proportion to 
the rest of the body; they are of different di- 
mensions, though the bodies, are always nearly 
of the same size at the same time. The motion 
of the globule is embarrassed in proportion to the 
length of the tail. When the tail is too long. 
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it sometimes prevents the progressive motion al> 
together, leaving nothing but the vibrations from 
right to left; and the globules make evident 
efforts to disentangle themselves from this in* 
cumbrance. 


EX PER. VII. 

Having procured the seminal fluid of another 
man recently dead, I put a pretty large drop of 
it on the glass, which soon liquified without any 
mixture. It. had the appearance of a close net* 
work, the filaments of which were of a consider* 
able length and thickness, and they seemed to 
proceed from the thickest part of the liquor 
(pi. X. fig. 9)> These filaments separated in 
proportion as the liquor became more fluid ; and 
at last they divided into globules, which seemed 
at first to have too little force to put them in 
motion: but their power of moving increased 
as they receded froip the filaments, and they ap* 
pcared to make coi:siderable efforts to disengage 
themselves. In this manner each of them gra- 
dually drew tails of different lengths out of the 
filaments. Some of these tails were so long and 
so thin, that they had no proportion to the 
l^ies, which were always more or less embar- 
rassed, according to the length of the threads or 
lails. When the tail \vas long, the angle of the 
ribratoiy motion was increased; mid, when the. 
ml was short, the progressive motion was more 
mnspicuous. 

VOL. II. 2 K 
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EXPER. VIIL 

I continaed my observations, almost without 
interrupti(^n, for fourteen hoars, and I discovered, 
that the length of the tails or threads gradually 
diminished, and became so thin and delicate, that 
their extren)ities successively ceased to be visi- 
ble ; and at last the whole disappeared. The ho- 
rijiontal vibrations of the globules then ceased, 
and their progressive motion w'as direct, though 
they still had verticle oscillations, or, rather, they 
rolled like a vessel at sea. The small bodies, 
when deprived of their tails, were oval and trans> 
parent, and resembled 4hose pretended animals 
which are seen in oyster water on the sixth or 
seventh day, or those found in the jelly of roasted 
veal at the end of the fourth day. 


EXPER. IX. 

Between the tenth and twelfth hour, tlie liquor 
was become very fluid, and all the globules ap- 
peared to proceed in troops from one side of the 
drop (pi. X. fig. 10). They passed over the field 
of the microscope in less than four seconds } 
they marclied in lines of seven or eight in front; 
and succeeded each other without interruption, 
like the defiling of soldiers. I observed this sin- 
gular phenomenon for more than five minutes ; 
and, as the current of animals did ntA then cease. 
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I was desirous of discovering the cause. I there» 
fore gently shifted the glass, and perceived that 
all these moving globules proceeded from a kind 
of mucilage (pi. x. fig. 11), or net- work of fila- 
ments, which continually produced them, and 
with more rapidity and copiousness than the fila- 
ments bad done ten hours before. There was 
still a difference more remarkable between the 
globules produced by* the liquor, when thick, and 
those produced when it was more fluid } for, in 
the latter case, they drew no threads or tails 
after them, their motion was quicker, and they 
went in flocks like she.ep. 1 examined the mu- 
cilage from which they proceeded for a long 
time, and perceived that it gradually diminished 
and was converted injio moving globules, till 
more than one half of it was destroyed. After 
which, the liquor being too dry, this mucilage 
became obscure in the middle, and it was sur- 
rounded with small threads, forming square inter- 
vals (pi. X. fig. 12). These kmall threads seemed 
to be composed ^of the bfiidies of the moving 
globules which hrd been killed by the drying of 
the liquor, and the whole resembled the web of a 
spider besprinkled with drops of dew. 


E X P E R. X. 

By the first experiments, I perceived that these 
small moving bodies changed their figures } and 
1 imagined, that, in general, they diminished in 
bulk> though 1 was not then altogether certain 

2 K 2 
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of the fact. But my subsequent observations 
removed every doubt. At the twelfth and thir- 
teenth hour, the bodies were visibly smaller } but, 
as tfa^ diminished in bulk, their specific gravity 
.increased, especially when they ceased to iqove. 
Which they-^nerally did ail at.q}ice, an4 fell 
down to’ the bottom in the form ^^an ash* 
<}ol^ur^' sediment^ N^hich was perOeptible by the 
qaked eyq; and, by {the assistance of the 'rojero* 
scope, at* a^prared |io be' composed of globules 
attached to ^ne another,' sometimes by 'threads, 
and aVq|her tifpes in groups, but always in a re- 
Rular manner. 


B^XPEA. XI. 

MMQUgg'jp^ujped the fiesh semen of a dog, 
I owlf?i|^'*^t' this liquor was clear, and had 
veiy examined it without the 

addition bPwirter, and I perceived moving bodies 
almost entirely simim* to thope in the human 
semen (pi. ». fig. .13). TheiS tails and their 
form were almost precisely the same with those 
repii^nted in pi. x. fig. 7, wherp the liquor had 
been I^uified for or tbied' boors. I in vain 
se^^^dthUt'liqdorfor whfQhl ap* 

peaml in that of men. I On^Wnarked Mme !long 
fold vbiy deliqate threads, ekd^yjsiinilar to ^hbse 
i#hich serveTTof laiHr foTljlirglobttliei.'" These 
threads contmned no globulU; neither had they 
any motion. The globules with tails seemed la 
move with more vivacity than those in the ho* 
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man semen. They had hardly any horizontal 
vibrations; but they always rolled vertically. 
Their number was not great ; and, though their 
progressive motion was quicker, they took op 
some time in passing over the field of the micro- 
scope. 1 examined this liquor during three 
hours, and could observe no change. 1 conti- 
nued my examination, from time to time, for 
several days, and remarked, that the number of 
moving bodies gradually diminished.' On the 
second day, the greatest part of them had lost 
their tails : on the third, very few of them re- 
tained their tails ; on the fourth, however, some 
jtails still adhered. The liquor had now de- 
posited a whitish sedinjent, which appeared to 
be composed of globules without motion, and 
some small threads that seem^.tq pe the tails 
which had separated from the gltwQlee. Some 
globules appeared to have dead ones attached to 
them ; for their figure differed from thsil of those 
in motion (pi. xi. fig. 14) : they were larger than 
the moving globules,’ or the dp^ ones at the bot- 
tom of the liquor, and seeitied to have a kind of 
fissure or opening. 


EXPER. XII. 

At S|nothertime I examined the seminal fluid 
of the same dog, and perceived the same phse- 
nomeha which 'have t^n described. I fiirther 
obseriM* in a drt^ of this liquor, a mucilaginous 
Ipatt (pi. kh which globules issued 
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as in exper. ix. and these globules formed a 
current, and moved in regular troops. This 
mucilage appeared to be agitated internally with 
a swelling or undulating motion, which produced 
small protuberances in different parts ; and these 
protuberances issued suddenly in the form of glo- 
bules, which moved briskly forward in the same 
direction. These globules* differed not from the 
others, except that they issued from the muci- 
lage without tails. Some of them, I remarked, 
changed their figure; they lengthened them- 
selves till they resembled, small cylinders; after 
which the extremities of the cylinders swelled, 
9 nd divided by the middle into two globules, 
and both of them moved on in the same direp- 
tion with the rest. 


EXPER. XIII, 

The small glass which contained this liquor 
having been overtqrned by ac|'.ident, 1 took, from 
the same dog, another quantity of semen. But, 
whether the animal had been fatigued by too 
frequent emissions, or from some other cause, this 
seminal liquor contained nothing : it was trans- 
parent and viscous, like the serum of blood ; and, 
\hough I examined it, at different times, for 
twenty-four hours, I could perceive no moving 
bodies, no mucilage, nor, * in a word, any thing 
similar to what | had formerly seen, 
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EX PER. XIV. 

I then opened a dog, and took out the testicles, 
and the vessels adhering to them ; but I remarked, 
that he had ho seminal vessels: the semen of 
this animal probably passes directly from the 
testicles into the urethra. Though the dog was 
full grown and vigorous, I found very little se- 
men in the testicles. I examined with Hie mi- 
croscope the small quantity I could collect ; but 
could perceive no moving bodies : I saw only a 
great number of very minute globules, the 
greatest part of which were motionless; and 
some of the smallest *of them seemed to move 
towards each other. But of this I could not 
be certain; because the small drops dried in 
a minute or two after they were put upon the 
glass. 


EX PER. XV. 

I cut the testicles of this dog into two parts, 
put them into a glass vessel, with as much wa- 
ter as was sufficient to cover them, and corked 
up the glass. Three days after, I examined this 
infusion with a view to discover if the flesh con- 
tained any moving bodies, and 1 perceived in 
the water of this infusion a great number of 
moving bodies, some of them of a globular, 
others of an oval flgure, and entirely resembling 
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those I had seeR in the seminal fluid of the for- 
mer dog, except that they had no threads or tails : 
they moved in all directions with great vivacity. 
I observed, during a long time, these bodies, 
which appeared to be animated, and I perceived 
several of them change their figures before my 
eyes. Some of them lengthened, others con- > 
tracted, and others swelled at the two extre- 
mities. The whole of them seemed to turn on 
their centres; some of them were larger, ^ud 
others smaller ; but the whole were in motion, 
and resembled, both in size and figure, those 
which were described in exper. iv. 


EX PER. XVI. 

Next day, the number of moving globules 
was still increased ; but they were smaller ; their 
motion more rapid and more irregular; and 
their form and manner of moving were dif- 
ferent, and appeared to be md^re confused : the 
day after, and the following days, till the twen- 
tieth, moving bodies still appeared in this water. 
They daily diminished in size, and at last became 
so small that they could hardly be perceived ; 
but the last of them 1 was able to distinguish on 
tbo eighteenth and twentieth days, moved with 
the same rapidity as ever. On the top of the 
water there was a pellicle wMch appeared to be 
composed of the skins or coverings of the mov- 
ing bodies, of small threads, &c. "But no mo- 
tion appeared in it. This pellicle and the mov* 
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ing bodies could not be introdu^^ed into the liquor 
by means of the external air ; (or the bottle was 
always closely corked. 


EXPER. XVII. 

I opened succe^ively, on dilTerent days, ten 
rabbits, in order to examine their seminal fluid. 
In the first, second, and third, I found not a 
single drop, either in the testicles or seminal 
vessels, though I was certain that two of them 
were fathers of a numerous progeny. I imagined 
that the presence of the female might be neces- 
sary for the secretion of the semen ; I therefore 
put males and femafes by pairs into separate 
cages, so constructed that they could not possibly 
copulate. Neither did this scheme at first suc- 
ceed ; for 1 opened two qf them without finding 
any semen. In the sixth, however, which was 
a large w'hite jabbit, full of vigour, 1 found as 
much liquor in the seminal vessels as would fill 
a small coffee-spoon. This matter resembled 
the jelly of meat, was of a citron colour, and 
almost transparent. Having examined it with 
the microscope, it gradually separated into fila- 
ments and large globules, several of which were 
attached, to each other, like a string of beads; 
but 1 could discover no distinct motion ; only, as 
the matter dissolved, it formed a kind of current, 
by which the filaments and globules were carried 
down to one side of the glass. I waited till Uie 
matter should become more fluid; but I was dis- 
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appointed ; for, after liquifying a little, it dried 
up, and 1 could observe nothing farther than 
what I have already described. I then added 
water to it, but without success •, for the water 
seemed not to penetrate or dilute the matter. 


EXPER. xyiii. 

I opened another rabbit, and found only a small 
quantity of seminal matter, which had hardly 
any of the yellow colour, and was more fluid 
than the former. As the ' quantity was very 
small, I was apprehensive lest it should dry too 
suddenly; I therefore instantly mixed it with 
water, and could perceive* in it neither the fila- 
ments nor the strings of beads that 1 had observed 
in the other ; but 1 discovered the large glo- 
bules, and farther .remarked, that they had a 
kind of trembling, resiless motion. They had 
also a progressive motion; but it was very slow : 
some of them moved round others, and most 
of them appeared to turn round their centres. I 
could proceed no farther in my observations, 
.because the liquor dried suddenly up. 


EXPER. XIX. 

. Having dissected another r^bit that bad been 
placed in the same circumstances, 1 found no 
seminal liquor; but, in the seminal vessels of 
anotlier, 1 found nearly as much congealed mat-* 
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ter as in exper. xvii. I examined this matter 
without discovering any thing. I therefore took 
the whole, and, adding to it a double quantity 
of water, shook the mixture violently in a glass. 

I then left it to settle for ten minutes; after 
which I examined a drop taken ftom the surface, 
and perceived the large globules formerly men* 
tioned, but they were few in number, and per- 
fectly detached from one another. They moved 
towards each other ; but this motion was so slow, 
as to be hardly perceptible. Two or ihree hours 
after, the globules ,seemed to be diminished in 
size; their motion was more sensible: and they 
turned upon their centres. Though their trem- 
bling was more apparent than their progressive 
motion; yet they plainly changed places in an 
irregular manner with respect to each other. 
In six or seven hours, the globules were become 
smaller, and their activity was greater. Their 
number appeared to be 'great, and all their mo- 
tions were sensible. Next day there was a pro- 
digious multitude of moving globules, and they 
were at least three times smaller than at first. I 
continued my observations for eight days, and I 
perceived that several of the globules joined ; 
and, though all motion ceased after this union, 
it appeared to be superficial and accidental only. 
Some of them were larger, and others ^ess ; 
though most of them were spherical, some were 
oval, and others ‘cylindrical. The largest were 
most transparent ; and the smallest Avere almost 
black. This difference could proceed from no 
accident in the light; for they were always of 
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the same colour, whatever was their situation; 
The motion of the small globules was likewise 
more rapid. The whole gradually diminished 
in size; so that on the eighth day; they were 
so small, that it was with the utmost difficulty 
I could distinguish them, and at last they totally 
disappeared. 


EX PER. XX. 

In fine, having, with great, difficulty, procured 
the seminal liquor of another rabbit, in the very 
state in which it is conveyed into the female, I 
remarked, that it was mucl} more fluid than that 
which was extracted from the seminal vessels; 
and the pbsenomena it presented were also very 
different: for, in this liquor, there were moving 
globules, filaments without motion, and a kind 
of globules with tails or* threads, similar to those 
in the seminal fluid of roan and of the dog, only 
these last appeared tq be less, 4ud more active 
(pi. xi. fig. 17). They* traversed, in an instant, 
the field of„the microscope: their tails seemed 
to-be much shorter than those of other spermatic 
animals; and I acknowledge, that I was uncer- 
tain whether some of these tails were not decep- 
tionSP occasioned by the track of the globules in 
the liquor; for they moved with such rapidity, 
that 1 could hardly observe them ; and, besides, 
the liquor, though .sufficiently fluid, dried very 
suddenly'. 
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Having procured, at different times, the testU 
cles and seminal vessels of twelve or thirteen rams, 
recently after they were killed, 1 could not find, 
cither in the epidydimis or seminal vessels, a 
quantity of semen sufficient for observation. In 
the small drops I could collect, 1 found nothing 
but globules without motion. As these experi- 
ments were made in March, I imagined that, by 
repeating them in Qctober, which is the time of 
rutting, 1 might find more liquor in the vessels. 
I cut several testicles in two longitudinally, and, 
having collected a small drop of liquor, I still 
could perceive nothing but motionless globules 
of different sizes. 


EX PER; XXII. 

1 took three festicles of .three different rams, . 
cut them into four parts, and put each of them 
into a glass vessel, with as much w^er as was 
sufficient to cover them, and then shut the vessels 
so close as to exclude the air. I allowed the 
testicles to infuse during four days ; after which 
I examined the liquor in each glass with the%ii- 
croscope, and found the whple full of moving 
bodies ; most of t^ich were oval, and some of 
them globular. They were equally large, and 
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greatly resembled those described in exper. viii. 
Their motion was not rapid, but equal, uniform, 
and in all directions. In each liquor, the mov- 
ing bodies were nearly of the same size; but, 
in the one they were larger, in the other less, and, 
in the third, still more minute: they had no 
tails; neither were there, in the liquor, any 
threads or filaments. They often changed their 
figures, and seemed successively to cast their skin 
or outer covering. They daily became smaller, 
and, on the sixteenth day, they were so small as 
scarcely to be visible. 


EX PER. XXIIl. 

I 

In the following October, I opened a ram, 
and found a great quantity of seminal liquor in 
the epidydimis. Having examined it with the 
microscope, 1 saw such an innumerable multi-' 
tude of moving bodies,* that the liquor seemed to 
be entirely co.^posed of them. As the liquor 
was too thick, I dilutfid it with water; but I was 
astonished to find, that the water had stopped all 
motion in«thc bodies; though I saw them dis- 
tinctly in the liquor, they were all at absolute 
rest. Having frequently repeated the same ex- 
periment, I discovered, that cold water, which 
dilfited the seminal liquors of other animals, 
made that of the r^m coagulate. 
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EXPER. XXIV. 

1 then opened another ram, and, to prevent 
the liquor from coagulating by cold, 1 left the 
parts of generation in the body of the animal, 
which was covered with warm cloths. Tliis pre- 
caution afforded n/e an opportunity of examin- 
ing with ease the seminal liquor of many rams 
in its fluid state. It was filled with an infinite 
number of oblong moving bodies (pi. xi. Hg. 18), 
which ran about in jevery direction. But, when- 
ever the lu^uor cooled, all motion instantly 
ceased ; so that I never could observe the same 
drop above a minute or two. When 1 diluted 
the liquor with warm water, the bodies conti- 
nued to move for three or four minutes. The 
moving bodies were so numerous, that, though 
the liquor was diluted, almost all of them touched 
each other. They w’cre all of the same size 
and figure. None of them had tails. Their 
motion was not rapid;, and, when the liquor 
began to coagulate, they suffered no change in 
their form. 


EXPER. XXV. 

As I was persuaded, both by my theory and 
the experiments made by others upon this sub- 
ject, that the female, as well as the male, pos- 
sessed a prolific seminal fluid; and, as 1 had no 
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doubt but that the glandulous bodies of the tes* 
tides, where prejudiced anatomists had in vain 
searched for the egg, were the reservoirs of this 
fluid; I purchased several dogs and bitches, and 
male and female rabbits, which ytere fiept sepa- 
rate from each other : and, that I might have an 
object to compare with the female fluid, 1 again 
examined the seminal liquor of a dog, which 
had been emitted in a natural*manner. I found 
the moving bodies iu the same state, and at- 
tended with the same circumstances as formerly 
(pi. xii. fig. 19). 


EXPER. XXVI. 

A live bitch was next dissroted, which had 
been four or five days in season, without having 
any communication with the male. The testicles 
were as large as filberds. ' On one of them I found 
a red, prominent, glandblous body, of the size of 
a pea, which had a perfect resemblance to a little 
nipple, with a visible fissure, tha;: had two lips, 
one of which was . more prominent tlian the 
other. Having opened this fissure, a liquor dis- 
’tilled from it, which we collected for examina- 
tion. The testicles were then, returned into 
the body of the animal, which was still alive, 
in odfer to preserve them from cooling. I then 
examined this liquor with the microscope, and 
had the satisfaction of perceiving, at the first • 
glance, moving bodies with tails, exactly similar 
to those which we had observed in the seminal 
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tluid of the dog (pi. xii. fig. SO). Messrs. Need< 
ham and Danbenton, who vvere present, were so 
struck with this resemblance, that they could 
be persuadtHl that the spermatic animals were not 
the very same; and they imagined that I had 
forgotten to change tlie object glass, or rather, 
that the same pick-tooth u'ilh which the drops 
of the female fluid were collected, had also been 
employed in collcj^ting those of the male. Mr. 
Needham, therefore, changed both the object 
glass and the pick-tooth, and took a fresh drop 
from the Assure of the glandulous body, and ex- 
amined it Arst with hi§ own eyes. He again saw 
the very same moving bodies, and was fully con- 
vinced, not only of the existence of spermatic 
animals in the seminal tluid of the femaie, bat 
also of their resemblance to those in the semen 
of the male, tl^e repeated the experiment with 
fresh drops no less than ten times, in all of which 
the phenomena vvere exactly the same. 


I2XPER. SXVII. 

Having then examined the other testicle, 1 
found an unripe glandulous body, which .was 
smaller, and less red than the former, and had 
no Assure ; but, after opening it with a sbalp^; 
I found no liqnoh Upon the external suifabe o£ 
this testicle, there were some lymphatic vencles. 
1 pierced one of them with a lancet^ iand there 
issued a clear liquor, to whic’h I immediately 
VOL. ir. 9 I. 
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applied the microscope. But it contained no- 
thing similar to what we discovered in that of 
the gland pious body. It was a transparent 
lii^or, composed of very small globules, with- 
out any motion. After repeating this experi- 
ment several times, I was convinced, that the 
liquor in the vesicle is only a species of lymph, 
which contains nothing animated or similar to 
what we perceive in the female semen, which is 
secreted and matured in the gtandulous bodies. 


EX PER. XXVIII. 

Some time after, another bitch w'as opened, 

w'hich had been seven 05 eight days in season, 

and had not received the male. 1 c.xamined the 

testicles, and upon each I found a glandulous 

body in full perfection. The first was half open, 

and had a canal which penetrated the testicle, 

and was full of secdinal fluid; the second was 

larger and more prominent, and the fissure or 

canal that contain^^d the fluid Was below the 
« 

nipple, which protruded outward. I took the 
liquor out of both the' glandulous bodies, and, on 
coniparispn, ^und them entirely similar. This 
seminal liquor of the Icmale is equally fluid with 
that of the male. After examining the liquors 
extraetp^' from each testicl^, 1 found in them 
the very same mpving hodi^ (pi. xii. fig. 21). I 
perceived at leisure the same pbmnomena that I 
had observed in the seininal liquor of the other 
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bitch ; I saw several globulesj which moved with 
great rapidity, which endeavoured to disengage 
themselves from the mucilage that surrounded 
them, and which dragged tails or threads after 
them. Their number was equally great with 
that in the male semen. 


EX PER. XXIX. 

I .>?qucczcd the whole liquor out of these two 
glaudulous bodies, and ])ut it into the glass of a 
watch. The quantity, was sufficient to serve for 
four or five hours’ observation. I remarked that 
it deposited a kind of sediment, or at least began 
to thicken. 1 tooik a drop of the thickest part 
of the liquor, and, having examined it, I disco* 
vered that the mucilaginous part of the semen 
was condensed, and formed a kind of net-work. 
From the anterior edge of this net-work, there 
issued a current of globulel^ which moved with 
great rapidity (pi. xii. fig. 2S). These globules 
were extremely ac*^ive and lively, and they ap- 
peared to be divested of their mucilaginous co- 
verings and of their tails. This stream of glo- 
bules resembled the motion of the blood in the 
veins; for tliey seemed not only to be animated, 
but to be pushed on by some common force, 
which obliged them t^ follow each other in troo^ 
or rows. From this experiment, and from the 
eleventh .and twelfth, 1 concluded, that, t'fhco 
the fluid begins to coagulate or grow thick, tlia 
active globules break their mucilaginous covering, 
a L '2 
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and escape at that side where the liquor is most 
fluid. They had no threads or tails, and most 
of them were oval, and s^-med to be flat below ; 
for they had no rolling motion. 


EXP E R. XXX. 

£ opened the horns of 'the utcrns longitudi- 
nally, and, having squeezed a little liquor out of 
them, 1 found it exhibited precisely the same 
phaniomcna W'ith that obtained from the glan- 
dulous bodies. These glandulous bodies are so 
situated, that they can easily pour their liquor 
upon the horns of the uterus: and 1 am per- 
suaded that, during tho whole season of love, 
there is a perpetual ilistillation of this li(|uor from 
the glaudulods bodies into the horns of the ute- 
rus-, that this distillation continues till the glan- 
dulous bodies be entirely emptied; and that they 
are gradually eilUced, leaving behind them only 
a small reddish cicatrice on tiic external surface- 
of the testicle. 


EX PER. XXXI. 

I mixed the seminal liquor of the female with 
ah equal portion of that of jthe male, which was 
recently eiBitte4; hut the moving bodies, and 
every circumstance, were so entirely the same, 
that 1 could make no distinction between those 
of tlie male and tlmse of the female. 
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EX PER. XXXII. 

Having dissected a young bitch that had never 
been in season, I discovered, on one of tlie tes- 
ticles only, a small solid protuberance, which 1 
imagined to be the rudiments of a glandulous 
body. The surface of the testicles was smooth 
and uniform, and it was with ditficulty I could 
see the lymphatic vesicles, till the membranes 
which cover the testieles were removed. The 
small quantity of liquor that was squeezed from 
the testicles contained no moving bodie.s. 


KXPER. XXXIII. 

In another bitch .still younger, there was no 
appearance of glandulous bodies on the testicles; 
their surface was wliite, and perfectly smooth. 
Some small vesicles were discovered} but they 
seemed to contain no liquor. I compared these 
female testicles with tho.se of a male of the same 
age, and found that their internal texture, which 
was fleshy, was nearly of the same nature, 


EX PER. XXXIV. 

t 

I procured the uterus of a co\v that had been 
recently killed. It w'as brought to me in a 
basket, wrapped in warm cloths, along with a 
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live rabbit, to preserve it from cooling. The 
testicles were as large as ^ small hen’s egg ; on 
one of them was a glandulbas body of the si^e of 
a pea, which protruded from the testicle like 
a little nipple : but it had no fissure or extcnial 
aperture. It was so firm and hard, that 1 Could not 
press any liquor out of it with my lingers. Be- 
fore cutting this testicle, 1 observed two other 
glandulous bodies at a distance from each other. 
They were very small, and of a whitish yellow 
colour ; but the large one, which seemed to have 
pierced the membrane of tlie testicle, was as red 
as a rose. 1 examined this last with great atten- 
tion, but could discover no liquor ; from which I 
concluded, that it was stKl far from being mature. 


EXPER. XXXV. 

I* 

In the other testicle, there were no glandulous 
bodies which had yet pierced the membrane that 
covers the testicle. ‘.Two small ones only began 
to appear under the membrane. I opened them 
both ; but procured no liquor from them. They 
were hard bodies, with a tincture of yellow. 
On each testicle there were four or five lympha- 
tic vesicles ; they were full of liquor. AVhen ex- 
amined with the microscope, some small globules 
appeared; but there was not in them the least 
vestige of motion. I observed this liquor, from 
time to time, for two days, without discovering 
any thing new. 
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EX PER. XXXVI. 

I had two other uteri conveyed to me in the. 
same manner. The one belonged to a young 
cow that had never brought forth ; the other to 
a cow which, though not old, had had several 
young. I first examined the testicles of the 
latter, and found, upon one of them, a glandu- 
lour body as large as a clierry. I perceived three 
holes, into which bristles might be introduced. 
Having pressed the body with my fingers, a 
small quantity of liquor issued out, which I ex- 
amined, and had the pleasure of seeing moving 
.bodies (pi. xii. fig. 22), but different from what 
I had observed in other seminal fluids. These 
globules were small and obscure: their pro- 
gressive motion, though distinct, was very slow. 
The liquor was not thick : the moving globules 
had no appearance of threads or tails, and they 
were not all in motion. .These are all the ob- 
servations I could make on this liquor; for, 
though I again squeezed the glandulous body, I 
could npt obtain any more liquor that w'as im- 
mixed with blood. The moving bodies were at 
least a fourth part less than the globules of the 
blood. 

EX PER. XXXVII. 

This glandulous body was situated at one 
extremity of the testicle, near the horn of 
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the uterus; and the liquor which it distilled 
must hare fallen upon that horn : but, after 
opening the hprii, J found no liquor. I then 
opened the testicle longitudinally, and. though 
its cavity was considerable, it contained no fluid. 
At some distance from the large glandulous 
body, there was a small one of the same kind, 
about the size of a lentiL Two cicatrices, or 
, little pits, also appeared ; they were of a deep 
red colour, and were the relics, of old glandu- 
lous bodies which had been obliterated, tiaving 
next examined the other testicle of the same 
cow, I discovered four cicatrices and three glau- 
dulous bodies, the must advanced of which was 
of a red tlesh-colour, and exceeded not the size 
of a pea. It wqs solid, without any aperhire, 
and contained no liquor. The other two were 
tnuch smaller and harder ; and their colour was 
a kind of orange. The lymphatic vesicles were 
full of a clear liquid ; .but contained nothing that 
had the appearance of life. 


KXPER. xxxvm. 

I thou inspected the testicles of the young 
cow» which had never brought forth. 'I'hey 
Avere rather larger than those of the other cow ; 
but, what is not less remarkable than true, there 
Avas not a single cicatrice on either of them. A 
number of lymphatic vesicles appeared on one 
of the testicles; but there Avas no vestige of glan- 
ilnlous bodies, l^pon the other testicle, 1 could 
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tlisccrn tlic* rudiments of two glandulous bodies, 
one just beginning to .spring u[i, the other as 
large as a small pea. There were also many 
vesicles, which appeared, after being pierced- 
with a lancet, to contain nothing. The glaudu* 
lous bodies, when opened, gave forth nothing but 
blood. 


EX PER. XXXIX. 


I cut each testicle.of both cows into four parts, 
and, having put them into separate phials, I poured 
as tnneh water upon them as was just sufficient 
to jcover them ; au<^ after corking the phials 
close, 1 allowed them to infuse for six days. I 
then examined the infusions with the micro- 
scope, and saw an ama;{ing number of moving 
globules (pi. xii. tig. Q3). In all the infusions, 
the globules were extrcAiely small, but very 
active, moving with rapidity round their centres, 
and in all dia-ections. I .observed them, from 
time to time, during three days, and they always 
became smaller and smaller, till they totally dis- 
appear^ on the third day. 


EXPER. XL. 

I procured the uteri of" three other cows. I 
first searched the testicles in order to discover 
if there were any mature glandulous bodies, lu 
two of the uteri I found only small glandulous 
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bodies on the testicles. I was not informed 
whether the cows had ever brought forth ; but 
it is probable that they had often been in season ; 
for a number of cicatrices appeared on their tes- 
ticles. Oh one of the testicles of the third cow> 
I observed'a glandulous body aS large as a cherry, 
and very red ; it was much swelled, and seethed 
to be perfectly ripe. I press^ the nipple, which 
was perforate by a hole, with my fingers, and 
a considerable quantity of liquor issued out. In 
this liquor, t found moving bodies (pi. xii. fig. 24) 
perfectly similar t*o those described in exper. 
xxHvi.'^ Their numbbr was.^bd^ed greatef, atid 
tbeir Cj^fogressive motion quicker ; ^tliey 

seemm i6 be somewhat lonj^] ahd, having ob- 
served'’tUem a long time, I' that thby 

grew longer, and changed tlmir figure. I then 
introduced a fine probe into the i^all aperture 
of the glandulous bod^ ; and; hevin^ cut alohg 
the probe as a directory, I found ,that the cavity 
was filled' with a liquid mfitter. This liquor, 
when'eia^lU|^* Vid(!j(i'',tbe hncrbSco^e, pr^bnted 
the samW’phynom^a, the' same mpvjn^ •bodies, 
as in '.But I could discbveVih none 

of them eUlb^. filaments or tail$.. The*' liquor 
of the vesicles'^Ws still transparent,' and con- 
tained notliing like life or motion. 


EXPERT XU. 


The uteri of several other cows were brought 
to mo at dificrent times. In the testicles of some 
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of them, there were glanduloas' bodies almost 
ripe; in those of others, they were in dificrent 
states of growth ; and I percewed nothing new 
or uncommon, except that I mscovered, in the 
testicles of two of them, glahdulous bodies in a 
decayed state, the basO of one of whibh was as 
large as‘ the circutnference of a cherry. The ex< 
tremity of the nipple was soft and withered : the 
two small holes through which the fluid had 
issued were still visible. I introduced a small 
bristle into them ; but there was no liquor, either 
in the canal, or ih the internal cavity, which 
could still be , distinguished. Tiie extinction of 
the gland ulous bodies, therefore, commences at 
the most external part: or extremity of the 
nipple. They first diminish in height, and then 
in breadth, as I had an opportunity of observing 
in another testicle, where there was a glandulous 
body diminished about three fourths. 


EX PER.* XLII. 

As the testicles of female rabbits, as w'cll as 
their glandulous bodies, are very minute, I could 
make no exact experiments on their seminal li> 
qnor. I only discovered, that, the testicles of 
different females are in different states ; and that 
I never saw any of them whioli exactly resembled 
De GrAaff’s figures. 
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EX PER. XLIII. 

On the testicles of some cows, I found a spe- 
cies of bladders or vesicles, which are called Ay- 
. datides bv anatoniists. I observed some of them 
large, and others small j and Cliey were attached 
to the testicle by a kind of peditle. I examined 
the liquor they contained ; but it was transparent, 
homogeneous, and evepy way similar to the liquor 
in the vesicles. It had no globular or moving 
particles. 


EX PER. XUV. 

At this time, I made some experiments upon 
oyster water, upon water in which pepper had 
been boiled, upon water in which pepper had 
been sim[)iy infused, afid upon water in which 
pink-seeds were infused. The bottles 'contain- 
ing all these infusions vvere exactly corked. At 
the end of two days, I saw, in the oyster water, 
a vast quantity of oval and globular bodies, 
wdiich seemed to swim like fishes in a pond, and 
had every appearance of being real animals. 
They had no members that could be discovered, 
and n6 tails. They, were transparent, and pretty 
large j I saw them, change their figures; they 
became gradually smaller and smaller during 
the seven or eight days that they existed; and, 
lastly, along with Mr. Needham, I saw aniroal- 
rulr.s :'0 very similar, in an infusion of the jelly 
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of roasted veal, which had likewise been close 
corked, that I am persuaded they are not true 
animals, agreeable to the commoii acceptation 
of that term, as shall- afterwards be fully ex- 
plained 

The infusion of pink-seeds was crowded with 
innumerable moving globules, witich appeared 
to be equally animated with those in the seminal 
liquors and infusions of flesh. At first they were 
pretty large, and moved with great rapidity 
in every possible direction. "I'iiey continued 
in this state during three weeks, and gradnall\' 
diminished in size till their minuteness rendered 
them invisible. 

The same phu?nomenon took place in the in- 
fusions of pepper; but the moving bodies did 
not appear so early as in the other infusions, and 
their appearance was later in the infusion of pep- 
per that was not boiled. 1 then begando suspect 
that what is called fermentation, might be ow- 
ing to the motion of these organic particles in 
animal and vegetable substances. 'I'o discover 
if there w.as any similari^' between this species 
of fermentation, and that excited by mineral sub- 
stances, I applied to the microscope a little lime- 
stone powder, an<l ponred upon it a drop of 
aquafortis. But the phnenomena were totally 
different. Large bubbles rose to the surface, and 
instantly darkened the lens of the microscof)C ; 
when the gross pprts were dissolved, every thing 
remained at rest, and nothing appeared which., 
had the smallest analogy to what we perceive in 
the infusions of animal or vegetable substances. 
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EX PER. XLV. 

I examined the seminal liqnor in the milts of 
different fishes, extracted while the animals were 
alive; and I observed a vast quantity of obscure 
moving globules. J then squeezed with my 
fingers the aperture in the bellies of fishes through 
which they emit this liquor; and, in the drops 
which I procured, I saw great multitudes of the 
same moving globules, which were almost black, 
and very small. 


EXPER. XLVI. 

Before I conclude this chapter, f shall relate 
the expe^pients of Mr. Needham upon the se* 
men of a species of enttie-fish, called the calmar. 
This acute observer haVing examined the sper-s^ 
matic animals in the milts of different fishes^ 
found them of an uncgnimon magnitude in the 
milt of the calmar. To the naked eye, they 
were from three to tour lines in length. During 
a* whole summer, while be dissected calmars at 
-Lisbon, he could find no appearance of a milt, 
or of any reservoir destined to receive the semi- 
nal irquor of that fish ; and it was the middle 
of December before he could ^ perceive the first 
vestiges of a new vessel filled with a niilty juice. 
This reservoir, and the juice it contained, gra- 
dually increased. In examining this seminal li- 
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quor with a mictctscope, saw nothing in it 
but small opaque globules, swimming in a kind 
of serous matter, wiUiout any appearance of life. 
j3ut, some time after, he discovered, in the milt 
of aupther calmar, organic bodies completely 
formed, which resembled spiral springs [a, b, 
pi. xiii. j(ig. 2.), inclosed in a transparent case. 
These springs were equally perfect at the first 
observation as aft''4'wards ; only they, in time, 
contracted themselves, and formed a kind of 
screw- The head of the case is a species of 
valve, which opens outward, and through which 
every thing within nnay he forceil out. Jt con- 
tains, besides, aiiolher valve, b, a little barrel, c, 
and a spongy substance, d, e. Thus the whole 
machine consists of an outer, transparent, car- 
tilaginous case {a, fig. 2), the superior extremity 
of which is terminated by a round head, formed 
by the case itself, and performs the ofline of a 
valve. This internal case contains a tmn.«parenl 
tube, which includes the spring, a piston or valve, 
af little barrel, and a spongy subsiauce. The 
screw occupies the superior part of tlie lube and 
case, the piston and barrel are situated in the 
middle, and the spongy substance occupies tho 
inferior part. These machines pump the litpu.r 
of the milt ; the spongy substance is full of this 
liquor; and, before the animal spawius, the whole 
milt is only a congeries of these organic hollies, 
which have absolutely pumped up iind dried the 
milty liquor. Whenever these small machines 
are taken from the body of the animal, and put 
among water, or exposed to the air, tiny begin 
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to act (pi. xiii. fig. 3 and 3); the spring 
mounts up, and is followed by the piston, the 
barrel, and the spongy substance which contains 
the liquor ; and, as soon as the spring and the 
tube, in which it is contained, begin to issue out 
of the case, the spring plaits, and the whole in- 
ternal apparatus moves, till the spring, the piston, 
and the barrel, have entirely escaped from the 
case. When this is effecterl, all the rest instantly 
follow, and the milty liquor, which had been 
pumped, and was confined in the spongy sub- 
stance, hnis out througii the barrel. 

As this plncuotncnon is* extremely singular, 
and incontestibly proves that the moving bodies 
in the milt of the calmar are not real animals, 
hut simple machines, a spocies of pumps, I shall 
here transcribe ,Mr. Needham’s own account of 
the matter : 

“ WhM the small machines says he, “ have 
come to their full maturity, several of them act 
as soon as tiny are exposed to the air. Most 
of them, however, may be commodiously view^ 
by the microscope .before their action com- 
mences; and, even before they act, it is necessary 
to moisten with a drop of water the superior 
extremity of the external case, which then begins 
to expand, while the two slender ligaments, that 
issue out of the case, are twisted and contortcd'iii 
different ways. At the same time the screw 
rises slowly, and the spirals ^t its superior end 


* Needham’s New Discoveries made w ith the iVricro.cope, 
chap. vi. p. 53. 
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approach each other, and act against the top of 
the case, those which are lower seeming to be 
continually followed by others that issue from the 
])iston ; I say, that they seem, to follow } because 
1 believe it to be only a deception produced by 
the motion of tiie screw. The piston and barrel 
likewise nujve in the same direction ; and the in* 
ferior {lart, which contains the semen, extends in 
lengtii, and, at the Same time, moves towards 
the top of the case, which is apparent by the 
vacuity left at the bottom. As soon as the 
.screw, with the tube in which it is inclosed, be* 
gins to appear out ofihecase, it twists, because 
it is constrained by the two ligaments. The 
whole internal apparatus continues to move gra* 
dually and slowly, till tbe screw, the piston, and 
the barrel, have entirely escaped. When that 
happens, tbe remainder issues instantaneously. 
The piston, h (pi. xiii. fig. 2), separates the 
barrel a i the ligament, which is under tbe bar* 
rel,*swcils and acquires a diameter equal to that 
of the spongy part which succeeds it: this, though 
much broader than w'hen ii^ the case, becomes 
also five times longer than formerly. The tube, 
which included the whole, contracts in the 
middle, and forms two knots or joints, d, e 
(pi. xiii. fig. 2 and d), distant about one third of 
its length from each extremity. Then the semen 
escapes by the barrel e (fig. 2). It is compoSed 
of small opaque globules, which^swim in a serous 
matter, without discovering any sigits of life, and 
are precisely the same as I perceived them to be 
VOL. 11. . 2 M 
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when diffused through the reservoir of the milt. 
In the figure, the part comprehended between 
the two joints d, e, appears to be fringed. When 
examined attentively, this appearance seems to 
be occasioned by the spongy substance within 
the tube being broken and divided into portions 
nearly equal. The following phsenomena will 
clearly prove that this is the case. 

“ It sometimes happen^, that the screw and 
the tube break precisely above the piston 6, which 
remains in the barrel e (fig. 3). Then the tube 
instantly shuts ; and, by contracting, assumes a 
conical figure above the extremity of the screw, y. 
This is a demonstration that it is there very elas- 
tic; and the manner in which it accommodates 
its figure to that of t^e substance which in- 
cludes it, when the latter undergoes the smallest 
change, proves that it is every where equally 
elastic.” 

Mr. Needham hence concludes, that it is na- 
tural to imagine that the tptal action of this 
machine is occasioned by the spring of the screw. 
But, unfortunately, he proves, by several expe- 
riments, that the screw is acted upon by a power 
residing in the spongy part : as soon as the screw 
is separated from the rest of the machine, it ceases 
to act, and loses all motion. The author draws 
the following conclusion from this singular phae- 
ndmenon. 

** U I had s^u,” says these pretended 
animalcules in the semen cd*- living animals, 1 
should, perhaps^ have been able to ascertain 
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whether they are really animated beings, or 
only prodigiously small machines, which corre- 
spond in miniature to the larger vessels of the 
calmdr.” 

From this and other analogies, Mr. Needham 
concludes, that the spermatic worms of other suih 
mats, it is reasonable to think, are only organic 
bodies ; a species of machines similar to those 
of the calmar, which act at different times ; 
for, says he, if we suppose that, of the prodi- 
gious number of spermatic animalcules which 
appear in the field of the microscope, only a few 
thousands act at a time, this will be sufficient to 
make us believe the whole to be alive. If it be 
farther supposed, he adds, that the motion of 
each animalcule lasts, Jike that of the calmar 
machines, about half a minute; in this case, the 
successive action of the small machines would 
continue for a considerable time, and the ani- 
malcules would die one after anotl4k. Besides, 
why should the semen of tlie calmar alone con- 
tain machines, while that of all other animals 
contains real living animalcijlcs ? Here the ana- 
logy is so strong as to be almost irresistible. Mr. 
Needham farther remarks* that even Leeuwen- 
hoek’s experiments seem to indicate that the 
spermatic animals have a great resemblance to 
the organic bodies in the semen of the calmar. 
Speaking of the semen of the cod, Leeuwen- 
hoek remarks, that hp imagined. the oval bodies 
to be animalcules burst and distended, because 
they were four times larger than when alive. 
And, in another place, he observes of the semen 

SMS 
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of a dog, that the anitnafcules often changed 
their figure, especially wheh the liquor began to 
, e^porate*. 

. ^ all these accounts, Mr. Needhani. conjec- 
tured, that thepreto^ed speripatic aninials were 
only a kind of natural machines, bodies much 
'more simply organized ;than those of real ani- 
mals. 1 examined the^ jo^achines of the calmar 
along with him, aoA tho' -reader may be assured 
that his description of thdm is both es^act and 
ftiithful. His expeniinents, therefore, : demon- 
strate, that the seminal fluid consists of jparticles 
in quest of organization ; that, f^, it pro- 
duces organized bodies ; but that thes^' bodies are 
not aninia|s, nor similfur.'to ^^ ^diidduid which 
produces tfiem. ft is infteed probable, t^at these 
orgwized l^ies are only a kind of insiruments 
for perfecting the semen, and bestowing' on it an 
active ntd that it is by their internal ac- 

tion that tuey intiipately penetrate the seminal 
fluid of the female. 


* See Leeaweah. hrc, NatV'p. 300, 309, and 319. 
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CHAP. VII. 

Comparison of my men 'Experiments with those of 
Leeuwenhoek. 

THOUGH vay experiments were made with 
all the attention of which 1 was capable, 
and though I often repeated them, I am satisfied 
that many things must have escaped me. I 
have described only what I saw, and what 
every man may see, at Ihe expense of a little art 
and patience. To free myself from pr^udice, I 
even attempted to forget what other observers 
pretended to have seen, endeavouring, by this 
means, to be certain of seeing nothing but what 
really appeared} and it was not till I had di> 
gested my experiments, that 1 wished to compare 
them with those of former Vrriters, and particu- 
larly with those of Leeuwenhoek, who had oc- 
cupied himself more than sixty years in experi- 
ments of this kind. 

Whatever authority may be due to this acute 
observer, it is certainly allowable to institute a 
comparison Between a man’s own observations, 
and those of the m*bst respectalble writer on the 
same sulyect. By an examination of this kind, 
truth may be esUiblished, and errors may be de- 
tected, especially whenVthe only object of in-* 
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quiry is to ascertain the genuine nature of those 
moving bodies which appear in the seminal fluids 
of all animals. 

In the month of November, 1677» Leeuwen- 
hoek, who had formerly communicated many 
microscopic observations to the Royal Society of 
London, concerning the juices of plants, the 
texture of trees, the optic nerve, rain water, &c., 
writes to lord Brouiicker, president of the So- 
ciety, in the f . 'flowing terms ; “ Postqnam * Exc. 
Domiims Professor Cranen me visitatione sua 
smpius honorarat, litteris rogavis Domino Ham 
cognato suo, quasdam observationum mearinn 
videndas darem. Hie Dominus Ham me se- 
Cundo invisens, secum in laguncula vitrea semen 
viri, gonorrhoea laborunlis, sponte destillatum, 
attulit, dicens, se post pancissimas temporis mi* 
nutas (cum materia ilia jam in tantum esset 
resoluta ut fistulm vitrece immitti posset), ani- 
malcula viva in eo observasse, quae caudam et 
ultra horas non viventia judicabat; idem 
reti.rcbat se nnimalcula observasse mortua post 
sumptain ab aegrofo tberebintinam. Materi- 
am praedicatam fistulas vitreac immissam, prae- 
sente Domino Ham, observavi, qqasdamque in 
ea cieaturas viventes, ac post decursum 2 aut 3 
horarum eamdem solus materiam observans, 
mqrtnas vidi. 

** Eamdem materiam (semen vivile) non re- 
groti alienjus, non diuturna conservatione cor- 
ruptam, vel post aliquot momenta fluidiorem 


* S«e Phil. Trans, num. 141, p. lOil. 
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factam, sed sani virl staiim post ejectioncm, ne 
iuterlabentibus quideni sex arti^iio pulsibus, 
ssepiuscule observavi, tantamque in ea viven- 
tium animalculorum mnltitudinem vidi, ut in- 
terdum plnra quatn 1000 in magnitudine are- 
nas sese moverent ; non in toto semine, sed 
in materia fluida crassiori adha;rente, ingen- 
tem illam animalculorum multitudinem obscr- 
vavi i in crassiori vero seminis materia quasi 
sine motu jacebant, quod iude provenire mihi 
imaginabar, quod materia ilia crassa ex tarn va- 
riis cohasreat partibus, ut animalcula in ca se 
movere nequirent; *minora globulis sauguiui 
ruborem adierentibus hacc, animalcula erant. 
ut Judicem> millcna millia arenam graudioreip 
magnitudine non mquatura. Corpora coruui 
rotunda, anteriora obtusa, postcriora i’erme in 
aculeum desinentia liabebaut i cauda tenui lon- 
gitudine corpus quinquies sexiesve excedente, 
et pellucida, crassiticiu vero ad 23 partem cor- 
poris habente, praedita craut, adeo ut ea quo 
ad figuram cum cyclamiuis minoribus, longaiu 
caudam habentibus, optii^e comparare queam: 
motu caudse serpentiuo, aut ut anguiiJiB in 
aqua natantis, progrediebautur , in materia vero 
aliquantulum crassiori caudam oclies deciesve 
quidem evibrabant antequam latitudinem capilli 
procedebant. Interdum imaginabar me inter- 
uoscere posse adhuc varias in corpore horura 
animalculorum partes, quia ycro continue eas 
videre nequibam, de iis tacebo. .His animal- , 
culis minora adhuc animalcula, quibus non 
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nisi globuli figuram attribacre possum, permista 
erant. 

** Memini me, ante tres aut qiiatuor annos, 
rogatu Domini Oldenburg B. M. semen verile 
observasse, et prmdiota auimaiia pro globulis ha* 
buisse; sed quia iastidiebam ab uUeriori inqni* 
sitione, ct magis quideni a descriptionc, tunc 
tcinporis cam otnisi. Jam ^quoad partes ipsas, 
ex quibus crassam seminis inateriam, quoad 
majorem sui partem consistere smpius cum ad- 
miratione observavi, oa sniit tani varia ac luulta 
vasa, imo in tanta miiltitudine hme vasa vidi, 
ut credam me in unica sen^iuis gutta plura ub* 
senfassc quam auatomico per integrum diem 
subjcctum aliquod sccanti occurrant. Q.uibus 
?isis, iirmitcr credebam *nulla in corpora hu- 
mane jam formato esse vasa, quse in semine 
virili bene constitute non reperiantur. Cum 
materia htec per momenta qumdam aeri fuisset 
exposita, pnedicta vasorum multitudo in aquo^ 
sam magnis ofeaginosis globulis permistam ma* 
teriam mutabatur,” &c. 

The secretary of the Royal Society replied to 
this letter of Leeuwenhoek, that it would be 
proper to make similar experiments on the semi- 
nal fluids of other animals, not only to support 
the original discovery, but to distinguish what- 
ever, differences might appear in the number and 
figure of the animalcules : and, with regard to 
the vascular texture of the thick part of tiie sc-* 
minal fluid, he suspected thafit was only a con- 
geries of filaments, without any regular oiga- 



EXPERIMENTS. 53? 

nidation: Q u9b tibi videbatur vasorum conge> 
rics, forlassis seminis sunt qu^dam filamenta, 
baud organice constructa) scd dum pcrmearunt 
yasa generation! inservientia' in istiusmodi figu* 
ram eiongata. Non dissimili modo ac ssepius 
notatus sum salivam crassiorcin ex glandularuin 
faucium foraminibus edilani, (ptasi e convolutis 
fibrilHs coustantein 

Leeuwenhoek replied, 18th March, 1678, in 
the following w'ords; “ Si quando canes coeunt 
marem a focmina statim seponas, materia quae- 
dam tenuis et acjuosa (lympha scilicet sperma- 
tica) a pone sofet paulatim extillarc; hanc 
materiam numerosissimis animalcnlis rep^etam 
aliquoties vidi, corum inagnitudine qu:u in <sc- 
minc virili conspiciifntur, quibns particulae glo- 
bulares aliquot qninqnagies majores permisce- 
bantur. 

** Quod ad vasorum iu cras^iori seminis virilis 
portione spectabiliuni ^obserrationeni attinet, 
denuo non semel itcratam, saltern miiiimetipsi 
comprobassc videor; mcque omnino persuastim 
habeo, cuniculi, canis/' felis, arterias venasve 
fuisse a peritissimo anatomico baud unquam 
magis pcrspicue observatas, quam mihi vasa in 
semini virili, ope pcrspicilli, in conspectum 
veiiere. 

“ Cum mihi praedicta vasa primumdnnptncrc, 
statim eliam pituitam, turn et salivam perspicillo 
applicavi; verum hie minime existentia anima- 
lia frustra quaesivi; 


* 8e« Phil. Trans, num. 141, p. lOtS. 
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** A conicoloram coitu Ijmpbse speroiatics» 
gnttttlam unam et alteram, e femella estillan* 
tern, examini sabjeci, ubi animalta prsedictoram 
similia, sSd longe pauciora, comparuere. Glo> 
bull item qqam plurimi, plerique magnltadine 
animalium, iiMlem permisti saat. 

** Hornm aiiimaliom aliquot etiam delinea- 
tiones traapmisi; figuta, 1, ^pl. xii. ^ 1) 
primit eoni^ti l^iqoot vivaai (hi ^tuiue cuni- 
culi arbitror) eaque forma qua videbatur, dum 
aspii^entem me versus tendit. ABC, capitu> 
lum cum tronco indicant; CD, ejusdem caudaip, 
quam pariter ut suam angudla inter nataudum 
vibra(. Horum milleua millia, quantum ctm* 
jeclare est, arenulae majoris molem vix s'dperant. 
(PI. xii. fig. 2, d, 4) sunt gusdem generis animalia, 
sed jam emortua. 

** (PI. xii. fig. 5) delineatur vivum animalcu* 
lum que madmodum in semine canino sese ali> 
quoties mihi attetttius jntuenti exhibuit. E F G, 
caput cum tmaQO^ HJ^itaot, GH, ejusdem 
caudam. (PL xih fig^, 7> 8.) - Alia sunt in se* 
mine canino quttl^ et Fita privantur, qua- 
lium etiam vivon^ /^amemm adeo ingentem 
vidi, nt judicareiapMStiiMiem lympfam spermaticm 
arenulae mddfbcri'^respondentem, eorum ut m^U 
nimujai decena millia continere.” ) 

In qpotber letter to the Royal Society, dated 
May 31, 1678; Leeuwenhoek adds, ** Semiuis 
canini tantillum mieroscopio appiicatum iterum 
Gontemplatus sum, in eoque amea descripta ani- 
malia numerosissime conspexi. Aqua pluvialis 
pari quantitate adjecta, iisdem confcstun mor- 
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tcm accercit. Ejnsdem seminis canini portiun- 
-cula in vitreo tubulo uncis partem duodecimalem 
crasso servata, sex et triginta horarum spatio 
contenta animalia vita destitnta plcraque, reli» 
qua moribunda videbantur. 

*< Ctuo de vaserum in semine genitali existent 
tia inagis comtaret, delineationem aliqualem 
ihitto, ut in figura ABCDE (pi. xii. fig. 9) qui* 
bus Uteris circumscriptum spatium arenulam me- 
diocrem vix superat.” 

I have transcribed these passages from the Phi- 
losophical Transactions, because they first ap- 
peared in that work, before Leeuwenhoek had 
formed any theory; and, therefore, they, must 
be more agreeable to truth. After the ingenious 
author had formed U. system of generation, his 
account of the spermatic animals varies, even in 
essential articles*. 

In the first place, wh£t he says concerning the 
number of these pretended animalcules is true; 
but the figure of their bodies corresponds not 
always to his description. Sometimes the end 
next the tail is globulaj', and sometimes cylin- 
drical ; sometimes it is flat, and at other times 
it is broader than long, &c. With regard to the 
tail, it is often thicker and shorter than he re- 
presents. The vibratory motion he ascribes to 
the tail, and by which he alleges the ^niraals 

* Mere the antho^ attempts a formal proof that Leeuwen- 
hoek invented the single microscope, and discovered the ex- 
istence of spermatic animalib before- Hartsoeker, which intt^- 
rupts the argument, is nowise interesting to tho reader, (tad 
therefore I have here omitted it in the translation. 
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are enabled to proceed forward, I never could 
distinguish in the manner he describes. I have 
seen fliese moving bodies vibrate eight or ten 
times, from right to left, or from left to right, 
without advancing the breadth of a single hair: 
and I have observed many of them which never 
could proceed forward, because this tail, in place 
of assisting them to swim, wa^ on the contrary, 
a small thread attached to the filaments or muci- 
laginous part of the liquor, and, of course, totally 
prevented the progressive motion of the body. 
Even when the tail appeared to have any mo- 
tion, it resembled only the sfnall bendings of a 
threa^l at the end of a vibration. 1 have seen 
these threads or tails fixed to the filaments, which 
Leeuwenhoek calls vessels:* I have seen them 
separate from the fdaments after repeated efforts 
made by the moving bodies: I have seen them 
first long, then diminish, and at last disappear. 
Thus these tails ought to be regarded as acci- 
dental appendages, and not as real members of 
the moving bodies. But, what is more remark- 
able, I.eeuwcnhock expressly affirms, in his 
letter to lord Brouncker, that, besides the tailed 
aqimals, he observed in this liquor animalcules 
still more minute, that had no tails, and were 
perfectly globular: ** His animalculis (caudatis 
8cilice|) minora adhuc animalcula, quibus non 
nisi gl.obuli figuram attribuere possum, permista 
erant.” This is the, troth. After Leeuwenhoek, 
however, had maintained that these animalcules 
were the only efficient principle of generation, 
and that they were transformed into men, he re- 
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gards as real animals those only which bad tails; 
and* accordingly, as it was necessary that ani* 
inalcoles, to be transformed into men, should 
have a constant and invariable figure, he never 
afterwards mentions the round animals without 
tails. I was struck with the diiTerence between 
the original composition of this letter, and the 
form in which it appeared twenty years after- 
wards in ills thiitl volume: for, instead of the 
words which we have just now quoted, we meet 
with the following in page 63: “ Aniinalculis 
hisce permistae jacebant aWae m'lnultoves paT\!t- 
culae, quibos non. aliam quam globulorum sea 
sphaericam figuram assignare queo.” This is a 
very different account of the matter. A ptirticle 
of matter, to which,he ascribes no motion, is* ex- 
tremely different from an animalcule. It is as- 
tonishing that Leeuwenhoek, in copying bis own 
letter, should have changed an article of so much 
consequence. What be immediately subjoins 
likewise merits attention. He says, that, at the 
entreaty of Mr. Oldenburg, he had examined 
this liquor three or four years ago; and that he 
then imagined these animalcules to be globules. 
Thus, these pretended animalcules are sometimes 
globules without any sensible motion; sometimes 
they are globules which move with great activity; 
sometimes they have tails, and sometimes no 
tails. Speaking of spermatic animals in general, 
be remarks*, ** Ex hisce meis observationibus 


* Tom. iii. p. S71. 
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cogitare ccepi, qaamvis antehac, tie aniraalculis 
in seniinibus masculinis agens, scripserim me in 
illis caudas non detexisse, fieri tamen posse nt 
ilia animalcula aeque caudis fuerint instructa, ac 
nunc comperi de aniinalculis in gallorom galli- 
naceoram seminemasculino:’* another proof that 
he has often seen spermatic animals, of all kinds, 
without tails. 

Secondly, It is worthy of remark, that Leeu* 
wenhock had very early discovered the filaments 
which appear in the semen before it be liquU 
fied; and that, at that time, when he had not 
conceived his hypothesis concerning the spermatic 
animals, he imagined the filaments to be veins, 
nerved, and arteries. He firmly believed, that 
all'the parts and vessels o/ the human body 
might be clearly distinguished in the seminal 
fluid. He even persisted in this opinion, not- 
withstanding the representations made to him by 
Mr. Oldenburg, in the name of the Royal Society. 
But, after he conceived ’the notion of transform- 
ing his spermatic animals into men, he never 
i^ain takes any notice pf these vessels. Instead 
of regarding them as the nerves and blood ves- 
sels of the human body already formed in the 
feftaen, he does not even ascribe to them their 
real function, which is the production of the 
moving bodies. He observes*, ** Quid fiet de 
omnibus illis particulis seu eorpusculis prmter 
ilia animalcula semini virili hominum inhaeren- 


* Tom. L p. 7. 
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tibus ! Olim et priusquam hsec scriberem, in ea 
senteptia fui priedictas strias vel vasa ex testi- 
culis principium secum dncere,'* &c. And, in 
another place, he says, that what he had for* 
mi^rly reniaiked concerning vessels in the semoa 
deserved no attention. 

: 77iir<%, If we compare the figures 1, 2, 3, and 
4, plate xiv. xv. which we have represented ex* 
actly as they appear in the Philosophical Transac- 
tions, with those which Leeuwenhoek caused to 
be engraved several years after, we shall find very 
great differences, especially in those of the dead 
animalcules of the. rabbit, 1, 3, and 4, and in 
those of the dog, which I have also delineated, 
in order to give a distinct idea of the ifiatler. 
From all this, it n^ay fairly be concluded, that 
Leeuwenhoek has not always seen the same 
phenomena ; that the moving bodies, which he 
regards as animals, have appeared to him under 
different forms; and that he has contradicted 
himself with a view to make the species of men 
and of animals uniform and consistent. He not 
only varies as Xo the fundamental part of these 
experiments, but also as to the manner of making 
them ; for he expressly tells us, that he always 
diluted the semen with water, to separate its 
parts, and to give more freedom of motion to the 
animalcules**^; and yet, in his first letter to lord 
Brouncker, he says, that, when he mis^ the 
semen of dogs, in which he before had seen innu* 
merable animals^ with watdr, they all instantly 


* Tom. Ui. p. 92, 9S. 
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.diedt Thus L^uv^enhoek’s first experiments 
were made, like mine, without any mixture; 
and it appears, that he did not mix the liquor 
with water till long after be began his ex- 
periments, and till he conceived the idea that 
water killed the animalcules; which, however, is 
not true; I imagine that the addition of water 
only dissolves the filaments too suddenly; for, 
in all^y experiments, I have seen but very few 
filaments in the liquor, after its being mixed with 
water. 

Leeuwenhoek was no sooner persuaded that 
the spermatic animalcules were transformed into 
men- and other animals, than he imagined that 
he saw two distinct kinds in the semen of every 
animal, the one male an(il the other female. 
Without this difference of sex in the spermatic 
animalcules, it was difficult, he says, to conceive 
the possibility of producing males and females by 
simple transfbrmation. He mentions these male 
and female animalcules in his letter published in 
the Philosophical Transactions, No. 145, and in 
several other places *. , But be attempts not to 
describe the differences Wtween the male apd fe- 
n^ale animalcules, which never existed'but in his 
own imagination. 

The famous Boerhaave having asked Leeu- 
wenhoek, whether, he had observed any differ-, 
ehces Yn the growth and size of spermatic ani- 
mals? Leeuwenhoek replied, that, in the semen 
of a rabbit which h& had open^, be saw an in- 


* See tom. i. p. 163, and tom. iii. p. tOl, of bis works. 



&ti^'titimber‘4f aiAiiiMailciil^t ** lilcriedibiieni«** 
saiyft be;-‘= ** inventhim anlmftlcnlorilm nam^m 
tonifiexeraiitt etiin antmalcfula scjrpfao im* 
pbalta vitfto- M illie emortoa, in rariot^ tfrdinds* 
dis|»aiiei}saht, et j^er continnos aliquot dies, sahibs 
visa 6!eaittfnaftsetki> queedam ad juMam magaitn^ 
dinem nondom ^exfcrevisse advertK Ad hseo' 
quasdam obsetVaVi particalas perexiles et obton^^ 
*gasr; alias aliis tttajordi!, et, quantum oculis araa- 
rebat, cauda desHtutas } quas quidem' particiuas 
non nisi animalcula esse credidi, quae ad justam 
magnitudinem non exerevissent*.’* Here we 
have animalciil^ of diderent sizes, and some with 

tailS) and' others that had no tails, which better 

• 

correspond with my experiments than with Leeu<*^ 
wenhoek’s ^stem. only differ in a sin^e 
article. He considers the oblong bodies without 
tails as young animalcules, which have not yet 
arrived at their full growth : but I, on the con* 
trary, have seen .these pretended animals prigi^^ 
nally spring from the filadients with their tails 
or threads, which they gradually lost. 

In the sune letter to Boerbaave hesaysf, that^ 
in the semen of a ram he observed the animal* 
oules marching in flocks, like sheep: ** A tribus 
oirciter annis testes arietis, adhuc calpntes, ad 
eedea^ mcas deferri curaveram) cum igitur ma* 
feriam^ ex epididymibus eduotam, ope micro* 
scopU . cei^mplarer, non sine ingente voluptHte 

* ^ tom.''iv. p. £ 81 .' 

f Ton. iv. pu 28 . 
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adverteiMn» a«iraalciih» omauh qootqiiot iiu»< 
OMScutino, enaiiem natandocar> 
ram tenere, it» nimtnrai' ift' quo iliaere priom 
pMSBiNWeaV*«o6em paMinom 
iHleo W bib^ «tit 

qawl OV68 fiNrtilare ndsMoii ol 

6fBliam TesCigw gees aaivenus toeedil**^ Titia 
«iiMerTa^a» made hy Leeaweabodc bi timyear 
1713* and which be regarded tti fww and mgu* 
lar» is a niiScient proof that be had never so at- 
tentively examined the seminal flaids of animab 
as to enable him to give exact deseriptions rd* 
them. £b the year 1713* be was seventy-one 
years of age: be had been in the emrstant prac- 
,tiM of making experiments with the mieroscope 
for forty-five years: be pontinved to poUisb bis 
observations daring thirty-six years: and yet* 
after all bis practice* he now* ^ the first time* 
observed a ^hsemnnenon which is exhibited in 
every semen, and which I have described* ex- 
per. be. in the hnmhn semen, exper. xii Hi llie 
semen of a dog, and exper. xxix. Hi the seasen of 
a bitch. To explain the mowng of the animal- 
cniles of the ram in flocks, therefore, it is mme- 
eessary to suppose them endowed with the natn- 
^ral instinct peculiar to sheep $ sined those of man* 
of the'dog* and of the bitch* move Hi the very 
same ntanner} and since this motion depends 
nj^ particttto circnmstances* the principal of 
which is* that the fluid part of the semen should 
.heofi one tide* 'and the tiitck or IHamentoas part 
on the other; for then the whole moving bodies 
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iliA^ngage themselves from the filaments, and 
proceed, in the same direction, into the more 
fioid part of the liqwr. 

.In another letter, wfitten the same year,- nod 
■dt hHwtod to Bqearl^a^a*, he mbites loma^tfther 
qlMier^atiknmoQncefynng the semen ol the caom 
be^telhr iui that, when tiie Uqnor was pat into 
sqMMnte gjaises, and mUimined, be observed fiof^ia 
of aoimalGiUes moving ell in the same direction, 
and <^her docks returning the contrary way. 
He adds: ** Neqne illud in unica epididymam 
parte, sed et in atiis qoas prseciderem partihns, 
observavi. Ad hsec, in quadam pansstatanim 
resecta pocCione compliira vidhianiiiialcafa, qiue 
uecdum in jnstam ms^Uudinem adoleverfint^ 
nam oorpuscula iUi; emliora et candm tripfo 
breviores erant q/uam adnltis. Ad bsec, caudas 
non babebant desinentes in mucconem, qneles 
tamon adultis esse passim comperio. Pmterea, 
in quandam parastatanim portionfim inddi, ani- 
malculis, quantum discemere potui, destitutam, 
tantum illi qussdam perexiguae inerant particulse, 
partim longiores partim breviores } sed altera imi 
eatvemitate crassiunculss} istas partioidaa in 
animalcnla transituras esse non dubitabam.’' 
From this passage it is apparmit, that t<eeo* 
wenhfodt had seen, in this seminsd liquor, what 
I have found in (be semen of all the animals 
which 1 examined, moving bodies that dUEwed 
in siee, figure, aid motion} and these owpfon' 
stanoeib it is obvious, OQrrfSPOOd better, ffitb the 


See tons iv. p. SM. 
d N t 



54a 


COMPARISON or 


notion of org;anic particles in motion, than with 
that of real animab. 

It appears, therefore, thaCL^mtenhoekb oIn 
semtfitms, thdn^ be dratra rerj; Bilfeteat 
from thenlKpci’^^*^ 

millet and| thoogh there be soim6''opip^i^dl& Ifh 
the facts,* I am fnlljr persuaded, that, wl^oevdr 
shall take the tronble of repeating thh expmt* 
meiits, will easily discover l^e source of these dif- 
ferences, and find that 1 have rdated nothing 
but truth. To enable the reader to decide in this 
matter, I shall add a few remarks : 

We do not always see, in the human semen, 
the filaments I^have mentioned: for this por- 
p<Me, the liquor must be examined the moment 
it is extracted from the, body; and even thaa 
they do not uniformly appear. When the li- 
quor is too thick, it presaits nothing but largg 
• globules, which may* be distinguished wHb a 
common lensf When examined with the micro- 
scope, they have the appearance of small oranges ; 
they are very opaque, and one of them occu- 
pies the whole field of the microscope. The 
first time I observed these globules, I imagined 
them to be foreign bodies which had fallen into 
the liquor; But, after examining different drops, 
I found that the whole liquor was composed of 
these large ^obules. 1 observed one of the 
largest and roundest of them for a long time. 
At first it was perfect^ bpm|ue : a* little- after, 1 
perceived on \U about half way be- 

tween the centre and'j^lfoamference, a beantiftil 
coloured lumiiidus'ri|nij(f‘^fch conftnued more 
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tlian half an hour, then gradually approached 
the ceptre, which became clear and coloured, 
while Ute rest of the globule remained opaque. 
Thia^ht, which illumuiatetithe ceotrei re8eiQ> 
bled.^that urbich' appears iu large air^hubbles,- 
The globule now began to . grew flat, and to 
have a small degree of transparency : and, alter 
observing it for three, hours, I could perceive no 
other change, no ajjpearance of motion, either 
internal or external. 1 imagined that some change 
might happen by mixing the liquor with water. 
The globules were indeed changed into a trans- 
parent, homogeneous 'fluid, whiqh presented no- 
thing worthy of remark. I left the semen to*U- 
quify of its own accord, and examined it at the 
distance of six, twelve^ and twenty-four hours j 
but found nothing like life or motion. 1 relate 
this experiment to show, that the ordinary phae- 
noniena are not always to be expected in seminal 
fluids, though they be apparjently similar. 

Sometimes all the moving bodies have tails, 
especially in the semen of man, and of the dog ; 
tlieir motion is not then veiy rapid, and appears 
to be performed with difliculty. If the liquor 
be allowed to dry, the tailb or threads arc first 
deprived of motion ; the anterior extremity cpn« 
tinues to vibrate for some time, and Uicn all mo- 
tion ceases. These bodies may be long presegred 
in this state ; and, if a small drop of water be 
then poured upon them,. Iheir^ figure changes; 
they fail down into several minute globulS, • 
which appear to Imve aipall degree of motion. 
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flomotuies «ai^ «tiieri alki foinet 

timeitc«nMii^, sod tiro)tigt«aRli ihe^f^ttotrei. 

The movtog bodifii in Ihe httmftn samen* and 
ta' liliSBe of the dog and iikGl^ re4ai!^l>le «adiirirt^ 
fhatNlik Je. voot naigr > t» sdiil^ogiddi 
^a^itfei^'•il^ltl^pdiale1jr 
af^they^ra tal^ f(«mthe Ixtdy of ttttaAiiAal« 
Tneee of tte ral^t apwar si^lef aad 
matte active. Bo^ tb^v^ffitreaces resem* 
li^^^ces fifoceed aiom the difrerebt states 
of the fluids during the tilha of e$aukiaiio&» than 
from the Mature of the flhjds thlkmsdvttii which 
ought indeed to he difiii^Dt in different species 
of*anitnals : for example^ ih the humda fluids I 
Wve remarked ^mmitsa as represented in 
pi. iii. &c., and' I *have the moving 
bodies e^a^te irom these fi1atn^^» ftom which 
they appWed loderi^jflieir ori^h. 'But I could 
perceive* nothing of t^icind in tl|e semen of the 
dog. Instead of distinct fllameqfs, it is generally 
composed of a mucilage, in which we 

wit^ difficulty perceive soihe filamentous parts } 
andwet this mnail^'e gi\(es birtbto moi^g bodies 
siiwW to thdseimihd 

The moth^f Uiese'bodtes ae^Mnuel longer in 
the'fluid cS the dog* than ih ^t of man* vritfeh 
;ettables ns more easily tp distinguish the change 
,of £}rm above remarhadj , Tlie moment the fluid 
issuesihAn the bodyy j h te •^imal, we flno most 
of the animalcules PBiill^bf tails. In twelve* 
t^B^-four* or th(i|wWir hoars aflerwasds* al- 
most the whole tailaJBmMmrT we ^en peipeive 






1^Hlwviq|g;t'bodiea hk'tXumjn ^«lo«r Mq^ 
fiice t»r fiqoor* Stxroijd laiige tranipgni^^lMil^* 
bttM^'comiiiioiil/ ipticwr jt% the 
tl^jr h«ito no nu^loD* vphw when the wfenK^li 
Hgftetei. Bel(Mr the Hiding hodtes we oAm 
perceive ethen more minnte : these have no 
tidbs hot most of thpOi move : end* in general* 
t have renmriked* 1^ of the nnmberiem glo> 
boles ih. all thehe liqoois* tiie smallest are gene^ 
ndfy’ hlaohcr end more ohictiie than the others } 
and ^at those whioh are mttiemeljr minute add 
traiu|>ar^t have litt^o^ no motion. They teem 
likewise to have more qiecific gravity j for tfaqy 
are always rank defeat in tiie fltdd. 
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CHAP. VIII. 

. S^Jlectiom on the preceding Exper imejrtSi 

FROM the foregoing experiments, it appeare, 
that females, as well as males, have a seminal 
fluid containing bodies in motion; that these 
tnoving bodies are not real animals, but only 
organic living particles; and that these particles 
exbt not only in the seminal fluids of both sexes, 
Itut in the flesh of animals; and in. the seeds of vege- 
tables. To discover whethenall the parts of animals 
and all the seeds of plants contained moving or- 
ganic, particles, 1 made infusions of the flesh of 
different animals, and of the seeds of more than 
twenty different species of vegetables; and, affer 
remaining some days in close glasses, I had the 
pleasure of seeing organic moving particles ip., all 
of them. In some t{iey appeared sooner, in 
others later. Some preserved their motion for 
months, and others soon ceased to movci Some, 
.at first, produced large moving globules, resem- 
bling animals, w.hich changed their figure, split, 
and became gradually smaller. Others produced 
only Snail globules, who^mptions were extremely' 
rapid; and others p|tidl|c^ /ilamepts, which 
l^rgw longer, seempd\^.^.^^egetate, and then 
swelled, and poured odljl^'nrents of moving glo^ 
holes. But it is ncedMli^ g^fd a of my 
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experiotents on the infusions of plults, especially 
8ince.Mr. Needham has published his excellent 
and nUmerotts observatlOus on this subjeet. To 
this .able naturalist I have read ttver the pre- 
ceding treatise; T have often reasoned with him 
on the resemblance between the moving bodies 
in infusions of the seeds of vegetables, and those 
in the seminal fluids of male and female animals. 
He thought my views well founded, and of suf- 
ficient importance to merit a farther discussion. 
He, therefore, began to make experiments on 
the different parts of vegetables; and I acknow- 
ledge, that he has brought the ideas I commu- 
nicated to greater perfection than 1 coulc^ have 
done. Of this 1 could give many example: 
but I shall confine myself to one, because I for- 
merly pointed out the fact in question, which Ite 
describes in the following manner: 

To ascertain whether the moving bodies which 
appear in infusions of flesh were real animals, 
or only, as 1 bad imagined, organic moving par- 
ticles, Mr. Needham thought that au examiner 
tion of the jelly of roasted *meat would determine 
the question; because, if they were animals, the 
fire would destroy theqa; and, if not, they would 
still be pefo^tlble, ’in the same manner as when 
the flesh >waa raw.- Having, for this pmpose, 
taken tiie jelUes of «yefl'and of other ktn^ .of 
roasted mea^ he<i|lpf^-|i|M|» in glasses filled with 
water, and the-bottles. After 

fiome days Wih<9 jvhole of-tl^ 

liqqors an imn 9 banM^n|ner ortnqfipg bodidip^. 
Ha info8ions,iai|{d. 
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amot^ others* that veal jdly* NlMCbxoo-^ 

tuned moving bodies veiy tfinilar to those Ig the 
semen of man^the dog* and the int^ efter thegr 
had lost their tails or threads. Thoo^ th^ 
changed their forms, tiimr motions were so stmi* 
lar to those of animals swimming, that* whoever 
saw them for the first time, or had bora igno> 
rant of what has been formerly remarked con- 
cerning them* would oerfldnly have conceived 
them to be real animals. 1 shall only add* that 
Mr. Needham has established* by numberless ex- 
periments* the existence of moving organic par- 
tides in all the parts of vegetables* which con- 
firms rvhat I have alleged* and extends my theory 
concerning the composition and r^roduction of 
organized beings. 

It is apparent, then, that all hnimals* whether 
male or female, and every species of vegetable, 
are composed of living organic particles. These 
organic particles aboupd most in the seminal 
fluids of animals* and in the seeds of vegetables. 
Reproduction is effected by the union of these 
organic particles, which are detached from all 
|>arts of the animal or v^etable body* and are 
always similar to the particular species to which 
they bdoDg ; for their union could not he accom- 
plbhed but by the interventioo of an internal 
mould, which is the efficient cause the figure 
of the animal or vegetaUe* fmd in which the es- 
sence, the unity* ,and the continuation of the 
q^ihs consist* ymd will innuiabiy'coutiuuc till 
the end of time. 

fiot* before drawing gevMEali^onclilsiotMi from 
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1 'lkiv» e^MKshed) iditie otgectioM 
wbioh will ^Knitribute «tilt 
Alii' tO'ilIttttrMe th6 subject. 

' It Witl'be demanded of me, why 1 deny these 
OKwing bodies to be animals, after tliey have 
unifoimly been recogni^ as such by every man 
Wbb examined them? It may likewise be 
asked, how is it possible to conceive the nature 
of Iftring organic particles, unless we allow them 
to be real animals? *^And to suppose an animal 
to be composed of lesser animals is nearly the 
same idea, as when we say that an organized body 
is composed of organic living particles. To these 
questions 1 shall endeavour to give satisfactory 
answers. 

It is true, that ilmost all observers agree in 
regarding the moving bodies in the seminal fluid 
as real animals. But it is equally certain, both 
from my ^periments and those of Mr. Needham 
upon the semen of the qalmar, that these moving 
bodies are beings more simple and less organized 
than animals. 

The word ardnudf in nts common acceptation, 
represents a general idea, composed of particular 
ideas, which we derive fiom particular animals. 
AH general ideas include many diflbrent ideas, 
which mote or less approach or recede from one 
another; and, ^ bourse; no general idea CUti 
be precise or exMUt iFbe general idea we have 
formed of ap aAitttal,<*<!ltoi|y he derived from the 
particular idea utf a hpiUe, and other 

aninuds, from the p^Or of volition^ which M* 
hbles theij| to to their inciiUalSon, 
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and from the circamstance;;i of tft^r being coqir 
posed of flesb and blood, 
choosing and of taking nonri/ibinenti 
senses, from the distinction of sexes,, Juid-fflliai 
their power of reproducing. The geo^rtd i4^ 
therefore, expressed by the word anim(d» igclndesi 
a number of particular ideas, not one o^whicb 
constitutes the essence of the general idea : for 
there are animals which ha^ no intelligence* no 
will, no progressive motion)^ no flesh. or blood, 
and appear to be only a mass of congealed mu> 
cilage: there are others which cannot seek for 
their food, and only receive it from the element 
in whiph they exist; otliers have no senses, not 
even that of feeling, at least in a perceptible de^ 
grce. Some have no sexe;^*, or have both in 
one individual. There remains' nothing, there- 
fore, in the properties of an animal, but the 
power of reproduction, which is common to 
both the vegetable and animal. It is from the 
whole taken together that a general idea must be 
formed; and as this whole is composed of dif- 
ferent parts, there must «of necessity be degrees 
or intervals between these pnrts. An insect, in 
this sense, is less an animal than a dog, an oyster 
than an insect, and a sea nettle, .or a fresh water 
polypus, than an oyster: and, as Nature proceeds 
by insepsible degrees, we should find beings par- 
taking of.still less animation than a sea nettle or 
a polypus. Our general ideas are only, artificial 
mitthods of collecting a numbier of objects un- 
der one point of view; ^nd they, have, like 
other artificial methods, th^ def^t of not being 
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able to compi^end the whole. They are ia 
’dWeet oppoji^n to the procedure of Nature, 
insetisibley and .always parti> 
JN Isf' to grasp a number o^ particular 
ideas under one word, of which we have no 
dearer Mtion than that word conveys; because, 
wlhrn the word is once received, we imagine it 
to be a line draam between the different pro* 
dnetions of Nature ; ^hat every thing above this 
line is an anmal, and every thing beluar it a I'e- 
getable, which is another word equally general, 
and employed as a line of separatioti betY>'ceu 
organized bodies and brute matter. But, as has 
already been remarked, these lines of separation 
have no existence in nature. There are bodies 
which are neither ^imals, vegetables, nor tni- 
nerals : and eve^r attempt to arrange them un- 
der either of these classes must be ineffectual. 
For example, Mr. Trembly, when he first exa- 
mined the fresh water polypus, spent much 
time before he could determine whether it u'as 
an animal or a vegetable. Tire reason is plain ; 
this polypus is perhaps neither the one nor the 
other; and all that can* be said is, that it has 
most resemblance to an animal : and as we are 
inclined to think, that every organized being is 
either an animal or a plant, we believ^not the 
^istence of any organized body, unless it falls 
uiHiersomeof these general denominatians, al< 
though there mnsft be, and in fact there 'are, 
many beings which belong 'neither to tiM cmc 
nor the other. The moving bodies found dn 
the seminal fluids, and in infusions of the flesh 



£5$ KEfUGTiOMS on 

of animak' as well as ia . those of all parts of’ 
getablesy are of this specif:' we can neither 
rank them under animals nor regetables; 
no man in his senses will ever maintain them’to 
be minerals. 

We may, therefore, pronounce, without hesl> 
tation, that the great dinsion of natural pro^ 
ductions into animals, tjegetaUes, and mmeraU^ 
comprehends not all materird bangs; since be- 
ings exist which can be included in none of 
these classes. Nature passes by imperceptible 
steps from the animal to the vegetable; but, 
from the vegetable to the mineral, the passage is 
sadden, and the interval great. Here ^e law 
of imperceptible degrees suffers a vicdation. This 
cifcnmstance made me suspect, that, by examin- 
ing Nature more closely, we should find inter- 
mediate organized beings, which, without hav- 
ing the faculty of reproduction, like animals 
and vegetables, would ^ still enjoy a ^ecies of 
IHe and motion ; beinge which, without having 
the properties either of animals or vegetaldes, 
might enter into the constitutiqp of both ; hOd, 
lastly, beings which Would conast of the first 
a^mblages of the organic particles mentioned 
iii die preceding chapters. 

Eggs constitute the first class of this species. of 
beings. Those of hens and other female turds 
are attached to a common ^pedicle, and derive 
their nourishment and growth from the body 
of the animal. But, when rttacfaed to the ova- 
rium, they are not pit^er^ egg*} ^hey am only 
yellow globes, which separate from the vfar 
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rittm a» aoon a* tb^ aoquire a certaja.iDagnU 
Uidie: wch is their internat ei^anisation* Imw* 
ever, that they^ abntb nouruhnieat from the 
iytnpU in tVie uterus, and convert it 

into the white, membranes, and shell. Thus the 
egg possesses a species of life and organization. 
It grows and assumes a form by its own peculiar 
powers : it neither lives like an anima], nor v^e^ 
tales like a plant, nor enjoys the faculty of repro* 
doction. The egg, therefore, is a distinct being, 
which can neither be ranked with the animal nor 
mineral kingdoms. If it be alleged, that the egg 
is only an animal production destined for the 
nouri^ment of the chick, and ought to be re- 
garded as a part of the henj I reply*, tliat 
eggs, whether impregnated or not, are always 
organized in th^ same manner ; that impregna- 
tion changes only a part which b almost invisi- 
Ue ; that it grows, and acquires a uniform figure 
and structure, both externally and internally, in- 
depmdent of impregnation ; and, consequently, 
it ought to be considered as a separate and dis- 
tinct being. 

This will be still mOre apparent, if we attend 
to the growth and formation of the eggs of 
lUhes. When the female deposits them in the 
water, they are properly but the rudiments of 
eggs, which, being lately separated from the 
body of the animad, attract and assimilate those 
particles that are fitted for their nourishment ^ 
and- thus increase in size by mere absorption. 

the same rnnunm* aathe egg of the ben*ac- 
quires its white' and membranes while floating 
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in uterus, the ofi fi^es adjuiim 
white and membran<te iu the 
fher they are fecundated by t^6 inale’^sliitjl^lj^ 
his milt upon them, or they remain unimpisegr 
natcd, they still arrive at full perfection. Itia 
(dain, th^tefore, that eggs in general ought te;be 
regdrded as organized bodies, and as forming » 
’distinct genus' from animals and vegetables. 

The organized bodies found in the semen of 
all animals, and which, like those in the milt of 
the calmar, arc natural machines, and not ani- 
mals, form a second species of the same genus. 
They are properly the first assemblages of those 
organic particles so often mentioned ; and, per- 
haps, *they are the organic particles of .all ani- 
maled bodies. They appear in the semen of 
every animal, because the semen is only the. re- 
sidue of the organic particles which the ani- 
mal takes in with its food. The particles, as 
formerly remarked,- assunilated from the food, 
are those which are most organized, and most 
analogous to the animal itself: it is of these 
particles that the scmeii consists; .and, of course, 
we ought not to be surprised to find organized 

bodies in that fluid. 

% 

’ To be satisfied that these organized bodies are 
not real animals, we have only to reflect upon 
the preceding experiments. The moving bo- 
dies in the semen have been considered ^ ..real 
animals, because they have 'a progressive motion,, 
and something similar to tails. But, after attend- 
ing, on the one hand, to the nature of this mo- 
tion, which is suddenly finished, and never again 
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C(Mtiihehces« and, on the other» to the nature of 
thd tails; vVbicfa are only threads adhering to the 
tnd*riiig body, we will begin to hesitate } for an 
aniaiRl goes sotnOtimes slow, and sometimes fast} 
and it sometimes stops, anil reposes, without 
moving at all. These moving bodies, on the 
contrary, go always in the sanae direction at the 
same time } 1 never saw them stop and again 
begin ^to move ; and, if they once stop, it is for 
ever. I demand, if this continued motion, with? 
out any repose, is common to animals} and if, 
from this circumstance, we ought not to doubt 
concerning the real* animation of these moving 
bodies } An animal should always have a jini- 
form figure, as well as distinct members: but 
these moving bodies change their figure every 
moment} they lutVe no distinct members} and 
their .tails are only adventitious matter, and no 
part of the individual. How', then, can they he 
esteemed real animals ? In seminal liquors, we 
see filaments which stretch out, and seem to ve* 
getate } then they swell, and produce moving bo- 
dies. These iilaftients arcb<'^erhaps, of a vege- 
table nature } but the moving bodies which pro- 
ce^ from them cannot be animals} for we have 
no example of vegetables giving birth to animals. 
Moving bodies are found in all animal and ve- 
getable substances promiscuously. They are not 
the produce of generation. They have no uni- 
formity of species* They cannot, therefore, be 
either animals or vegetables. Xs they are to be 
met witli in every part of animals and of vege- 
tables, but are most abundant in their seeds, is it 
VOL. II. a O 
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not natural to regard them ae the organic living 
particles of which animals and vegetables are 
composed, as particles which, being endowed 
with motion, and a species of life, ought to 
produce, by their union, moving and living 
beings, and, m this manner, form animals and 
vegetables ? 

But, to remove every doubt upon this subject, 
let us attend to the observations of others. Can 

c 

the active machines discovered by Mr. Needham 
in the milt of the calmar be regarded as animals ? 
Can we believe that eggs, which are active ma- 
chines of another species, arc also animals ? If 
wc examine Leeuwenhoek’s representations of 
the moving bodies found in many dilferent sub- 
stances, shall we not be satisfied, at the first in- 
spection, that they are not afiimals, since none 
of them have any members, but are uniformly 
either round or oval ? If we attend to what this 
famous observer has remarked, concerning the 
motion of these pretended animals, we must be 
convinced that he was wrong in regarding them 
as real animals, aud^we shall more and more 
confirmed in the opinion, that they are only 
.organic moving particles. We shall give some 
examples. Leeuwenhoek* gives the figure of 
the moving bodies in the seminal fluid of a male 
frog.,. This figure represents nothing but a thin, 
long body, pointed ajb one of the extremities. 
liCt Us attend to^ what he says- concerning it : 

Vno tempore caput (that is, the largest extre- 
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ttUty ioCithe moving body) cra^us mibi appar^ 
birt alio; plerumque agnoscebam antmalciilum 
bawd alterius quam a capito ad medium corpus; 
ob caudsB tenuitatem, et cum idem animalculum 
paulo vehement! us moveretnr (quod tamen iatde 
debar) quasi volumioe quodam circa caput fere* 
baluT. Corpus fere carebat motu» cauda tamaa 
in tree quatuorve flexus volvebatur.*' Here we 
have the change oi’ figure that 1 had observed; 
the mucilage from which the moving bodies with 
difficulty disengage themselves, the slowness of 
their motion before they escape from the muci* 
lage, and, lastly, a part of the pretended animal 
in motion while the other is dead : for, a Jittle 
afterwards, he observes, movebant posteriore^ 
solum partem, quae ukima morti vicinia esse ju* 
dicabam.” All this is repugnant to the nature 
of an animal, but exactly corresponds with 
my experiments, except that I never saw the 
tail move, but in consequence of an agitation of 
the body. Speaking of the seminal fluid of the 
cod, he says *, “ Non est putaudum omnia ani> 
nialcula in semine aseili,deutenta uno eodem- 
que tempore vivere, sed ilia potius tantum vi> 
vere quae «xitoi sen partui viciniora sunt> quae 
et copiosirMri humido innatant prae reliquis vita 
careatibos, adhuc in crassa mtderia, quam bu* 
mor eorum efficit, jacentibus.” If these are 
animals, why were they not all alive i * Wl^ 
did those «nly live which were in the most fluid 
part of the liquor ? Leeuwcmhbek did net observe. 
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thick part^ iostead of being 
produced by the aminalculfs> if a m^cdager 
which gives birth to them. \ If be ha44iiit$w 
the mucilage with water, be would at once have 
given life and motion to the whole. The mu- 
cilage itself is often nothing else than a mass of 
those bodies, which begin to move as soon aa 
tliey can disengage tl>einselves ; and, of course,i 
this thick matter or mucilage, instead of being, 
a humour produced by the animalcules, is only 
a congeries of the animals themselves, or rather, 
as formerly remarked, the matter of which they 
are formed. Speaking of the semen of the cock, 
I.ieeiiwenhoek, in his letter to Grew, says 
‘SCoiitemplando niateriam (seminalem) animad- 
verti ibidem tantam abnndantiam viventium 
aninKdmm, ut ea stuperem ; forma seu externa 
figura sua nostrates anguillas fluviatiles refere- 
bant, vehementissima agitatione movebantur} 
quibus tamen substrati videbantur multi et ad-: 
tnodum exiles globulC item multae plan-ovales 
figurse, quibus etiam vita {josset attribui, et qui- 
dim propter earumdepi commotioues ; sed. ex-; 
istimabam omnes basce commotiones et.agita- 
^iones provenire ab animalculis, sicque etiam 
res se habebat; attamen ego nou dpinione . sor 
lum, sed etiam ad veritatem miht peesuadeo Jtos 
particulas, planam et ovalem Bgturam haben^, 
esse qnsedam aniinalcula inter se ordine sup d^s- 
posita et mixta, vitaque adhuc^ureutia.’* Here 
we have animalculea, in the same semioal, fluid* 
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of ‘different forms; and I' am convinced, from 
dVrti'experimmts, that, if Leeuwenhoek had 
ob^src^ tho^ dval bodies with attention, he 
wonid littve fserceived that they moved with their 
owii proper force, and, consequently, that they 
were as much alive as the others. This change 
of figure, it is true, exactly -corresponds with 
what 1 had observed : but it does not indicate a 
uniform species of animals ; lor, in the present 
example, if the bothes Iiaviitg tJie figureMbf a 
serpent were genuine spomiatic anim-alculos, each 
of which was. destined to become a cock, and 
therefore implies a Uniform and invariable orga- 
nization, which was the end and destination of 
those of an oval figure? He, indeed, afterwards 
remarks, that these o'ffal bodies might be the same 
with the serpentine, if we suppose them rolled 
up in a spiral manner. But still, how is it pos- 
able to conceive that an animal, with its body ia 
this restnuned posture, sl^ould be able to move 
without extending itself? I, therefore, maintain, 
that these oval bodies were only the organic 
particles separat!^ from •their threads or tails, 
and that the serpentine bodies were the same 
particles, which had not yet been deprived of 
these appendages, asT have often remarked in 
other eeminal fluids. 

Besides, Leeuwenhoek, who believed al| these 
moving bodies to be reitl animals, who established 
a system upoD*that foundation, and who af- 
firmed that spermatic animalcules were traq^ 
formed into men and other animals, now suspected 
them to be only natural machines, or moving 
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organic particles. He never entertained a doiibt» 
but that these animalcules contained the large 
animal in miniature. He remdrks*, ** Proge* 
neratio animaiis ex animalculo in teminibiiti'ittasii 
cnlinis omni exceptione major est }' nam„ etiainiAi 
in animalculo ex semine mnsculo, nndh ottttm 
estj figuram animaiis coiispicere neqneamus; at- 
tamen satis superque certi Qsse possnmns figo«< 
ram animaiis ex qua animal ortum est^ ip ani> 
maldllo* quod in semine masculo repcritur, con-i 
clusam jacere sive esse : et quanquam mihi see* 
pius, conspectia animalculis in semine masculo 
animaiis, imaginatus fuerim Yne posse dicere, en 
ibi caput, en ibi humeros, en ibi femora ; atta- 
n>en cum minima quidem certitudine de its ju-> 
dicium ferre poluerim, hucbsque certi quid sta* 
tuere supersedeo, donee tale animal, cujus se*i 
mina mascula tarn magtia erunt, nt in iis figu-> 
ram creaturee ex qua provenit agnoscere queam, 
invf-nire secunda nobis Jroncedat fortuna.” This 
opportunity, so much desired by Leeuwenhoek,, 
happily occurred to Mr. Needham. The sper*. 
matic animals of the cdlmar are three or four lines, 
in length,, and arc visible without the assistance 
: of the microscope. Their whole parts and evgu- 
nization are et^ily perceived. But they are by 
no means small calmars, as Leeuwenhoek ima<i 
gined,. They are not even animated* though 
they have motiem, but are only machines, whieh. 
ought to be regard’ll, as the first union of the or- 
ganic particles. 
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Though Leeuwenhoek had not this opportu- 
nity of undeceiving liimseir, he had, however, 
observed other appearances, which ought to have 
ptp^tt<ped.this effect. He had remarked, for ex- 
ample, that the spermatic animals of the dog * 
of^n. changed their figure, especially when the 
fluid was nearly evaporated; that, when dead, 
they hod an opening iu the head, which did not 
appear when they 'were alive ; and that the head 
was full and round during the life of th$ pre- 
tended animal, and fiat and sunk after its death : 
these circumstances siiould have led him to he- 
sitate concerning the real animation of these 
bodies, and to think that the phienomcna cor- 
responded more with a machine which emptied 
itself, like that of the calmar, than with the pro- 
perties of an animal. 

1 have said that the motion of these moving 
bodies, these organic particles, is not similar to 
the motion of animals, ‘and that there is no in- 
terval in their movements. Leeuwenhoek, in 
tom. i. p. 168, makes precisely the same remark: 
“ Quotiescunque,” saysjie, “ animalcula in se- 
mine masculo animalium fuerim contemplatus, 
attameu ilia se unquam ad quietem contulisse, 
me nunquam vidisse, milii dicendum est, si modo 
sat fluidffi supercsset materise iu qua sese com- 
mode movere poterant; at eadem in continuo 
manent motu, et, tempore quo ipsis Inorien- 
dum appropinquante, motus magis magisque 
deficit, usquedum nullus prbrshs motus in illis 
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a^roscendus sit.** It ts difficult to ooa<^ve» 
that animals should exist, which, from- the mo« 
meat of their birth to their dissolution, should 
continue to move rapidly, without the smallest 
interval of repose ; or to imagine that the sper* 
matic animals of the dog, which Leeuwenhoek 
perceived to be as active on the seventh day. as 
the moment they proceeded from the body of 
the dog, should be able, during all this tiipe, to 
move with a celerity which no animal on earth 
could persist in for a single hour, especially when 
the resistance arising from the density and tena- 
city of the fluid is taken into consideration. Tliis 
specif of continued motion, on the contrary, has 
an exact correspondence to the nature of the or- 
ganic particles, which, lik« artifleial machines, 
produce their cflects by a continued operation, 
and stop immediately afterwards. 

In the numerous experiments made by Leeu- 
wenhoek, he doubtless 'observed spermatic ani- 
mals without tails. He* even mentions them in 
some places, and endeavours, to explain the phae- 
nomenon. For exampJp, speaking of the semen 
of the cod, he says^, “ Ubi vero ad laotium ac- 
^cederem observationem, in iis partibus quas ani- 
malcula esse censebam, ueque vitam neque cau- 
dam dignoscere" potui ; cujtis rei rationem esse 
existimabam, quod quamdiu anim^lcula natando 
loca sua perfecte mutare non possunt, tamdiu 
etiam cauda concinne circa corpus inaneat ordi- 
nata, qupdque ideo'sipgula animalcula rotundum 
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r&pvwsentent dorpusbaluin.'’ It wduld hRve beign 
more* timple, and more agreeable to troth, to 
have said, that the spermatic animals of this fish 
sometimes have tails, and sometimes have none, 
than to suppose that the tails were so exactly 
wound round their bodies as to give them a sphe- 
rical fignre. One would be apt to think, that 
Leeuwenhoek had^ never fixed iiis eyes upon, or 
descigbed any moving particles but those wiiich 
had tails; be has given figvnes oC none that 
wanted tails, because, though tliey moved, he 
did not regard them as animals. Tliis Is the 
reason why all Leeuwenhoek’s figures of sper-' 
matic animals are very similar, and all .drawn 
with tails. When they appeared in any otjier 
form, he thought they were imperfect, or, ’rather, 
tliat they were d£ad. Besides, it is apparent from 
my experiments, that, instead of unfolding their 
tails, wherever they are placed in circumstances 
proper for swimming, as Leeuwenhoek insists, 
these pretended animals gradually lose their tails, 
in proportion to the rapidity of their motions, till, 
at last, these tdils, whi^lt arc bodies foreign to 
the animalcules, or threads which they drag after 
them, totally disappear. 

Leeuwenhoek, speaking of the spermatic ani- 
mals of man*, says: Aliquando etiam ani- 
madvert! inter animalcula particuias ^uasdam 
minores et subrotundas; cum vero se ea aliquo- 
ties eo inodo wculis meis exhibuerint, ut miht 
imaginarer eas exiguis instructas esse t:audis. 
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cogitare coepi annon hse forte particulse forcnt 
animalcala recens nata; certum euiin mihi 
est ea etiam animalcula per gcneratioDeni pro* 
venire, vcl ex mole minuscula ad adultam pro- 
cedere quantitatem : et quis scit annon ea ani* 
inalcula, ubi moriuntur, aliorum animalculo- 
rum nutrition! atque augmini inserviantl” It 
appears from this passage, that Leeunrenhoek 
had seen, in the human semen*, animalcules ^with- 
out tails j and that he is obliged to suppose them 
to be recently produced, which is directly the 
reverse of what 1 have observed ; for the moving 
bodies are never larger than when they separate 
from the filaments, which is the period when their 
motion begins: but, as soon as they are fully dis* 
engaged from the mucilage, <hey become smaller, 
and continue to diminish till their motion entirely 
ceases. With regard to the generation of these 
animals, which Leeuwenhoek imagines to be cer- 
tain, no vestige of copulation has been discerned 
by the most acute observers. It is purely a ran- 
dom assertion, as may be easily proved from his 
own experiments. Hq remai-ks, for example, 
with great propriety, that the milt of the cod* 
•is.gradually filled with seminal liquor $ and that, 
after the fish has spent this liquor, the milt dries, 
and leaves only a flaccid membrane, entirely 
destitute of every kind of fluid. **.£o tempore,'” 
says he, ** quo asellos major lactes suos emisit, 
rugae illae, seu tortiles lactium pastes, usque adeo 
coptrahuntur,/ ut nihil praeter pelliculas scu mem- 
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branas esse videantur.”. Hour shoi'Jd this d/y 
membrane, Yrbvcb 'contains neither seminal liquor 
nor animalcules, produce animalcules of the same 
species next season? If they were produced by a 
regular generation, such a long Interruption could 
not take place, which, in most Ashes, continues 
a U’hole year. To remove this difficulty, he af- 
terwards remarks : ** Necessario statuendum erit, 
ut i^ellus major semen suum emiserit, in lacti- 
bus ctiamnum inultum matcrim seininalis gig- 
nendis animalculis aptae remansisse, ex qua ma« 
teria plura oportet provenirc animalcula semi- 
nalia quam anno proxime clapso emissafuerant.” 
This supposition, that part of the semiuaHiquor 
remains in the milt for the production of sper* 
matte animals the following year, is perfectly 
gratuitous, and contrary to observation ; fur the 
milt, during this intemil, is nothing but a thin 
dry membrane. But how will he explain a 
phsenomonon that takei; place in some fislies, and 
particularly in the calmas* whose seminal liquors 
are. not only renewed every year, but even the 
membranes whi'ch contain them: here neither 
the milt nor the seminal liquor are preserved till 
the succeeding year; and, of course, their regular 
reproduction cannot be ascribed to generation. 
Jt is, therefore, apparent, that these pretended 
spermatic animals are not multiplied, like other 
animals, by generation; and this circumstance 
alone would entitle us to conclude that the mov- 
ing particles in the seminal fluid are not real 
animals. Teeuwenhoeby though he tells iiSA'in 
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the passage above quoted, that the spermatic, 
animals are certsunly propagated by. gerieratiou, 
acknowledges, however, in another place that 
the manner hi which these spenhatiib ahimalaare 
produced^ is exceedingly obscuiw, ^ad that he 
leaves to others the farth^ elucidation of this 
subject. ** Persuadebam ntiihi,*' says he, speaking 
of the spermatic animals of the dormouse, ** hsecce 
animalcula ovibiis prognasci, quia divei;^ in 
orbem jacentia et in semet convoluta videbam ; 
%ed unde, quaeso, primam illorum Originem de« 
rivabimus! an animo nostro cuncipiemus ho> 
rum animalculorum semem jam procreatum 
esse in ipsa generatione, hoeque semen tarn diu 
in, testiculis hominum hserere, usqiiedum ad 
annum setatis decimum-quartum vel decimum* 
quintnm aut sextum perven^int, cadcmqne 
animalcula turn demum vita donari, vel in 
justam statnram excrevisse, illoqne temporis 
articulo generandi matufitatem adesse! sed bme 
lampada aliis trado.”4 It is, perhaps, unnecesr 
sary to make many remarks on what Leeuwen- 
hoek has here advanced. He in the semen 
of the dormouse, spermatic animals which wore 
•round and without tails ; ** in semet convoluta,” 
says be, because he always supposes that they 
ought to have, tails. He was formerly certain 
that these animals were propagated by genera- 
tion : here he seems to be convinced of the re- 
verse. But, when he learned, **that the line- 
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itetters. ( pucerons) were propagated without co- 
pulation'*^* he laid hold of tliis idea, in order 
explain the generation of i^permatic animaU. 

V jGt^ig^.^modi|in»” .say9 he, “ animalcu^^hf^c 
qu», antea noqaine designavimps 

(the pucjS^Rs) dam adhuc in utcro materno 
latent, jam praedita sunt materia semiuali ex 
qua.ejttsdem generis proditura sunt animalcula, 
pari ratione cogithre licet animalcula in semi- 
nibns masculinis ex animalium tcsticulis non 
migrarc, seu ejici, quin post se relinquant mi-» 
nuta animalcula, aut saUen> materiam semina- 
1cm ex qua iterum alia ejusdem generis ani- 
malciila proventura sunt, idque absque coitu, 
eadem ratione qua supradicla animalcula ge> 
nerari observavimus,” This supposition is mot 
more satisfactory than the preceding; fur, by 
thus comparing the generation of spennatic ani- 
malcules with that of the vine-fretter, we dis^ 
cover not the reason why they are never seen in 
the human semen till thd ^ge of fourteen or fif- 
teen; nor do. we learn whence they proceed, or 
how they are .yearly renewed in fishes, &c. 
Notwithstanding all the efforts of Leeuwenhoek 
to establish the generation of spermatic animals, 
he leaves the subject in the greatest obscurity, 
where it probably would have for ever remained, 
if we had not discovered, by the preceding 
experiments, that they are not animSls, but 
organic moving^ particles, contained originally 
in the food, and found in vast numbers .in the 
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seminal liquors of aiiimalsi which are the fhest 
pure ami most organic extracts derived from the 
food. 

Leeuwenhoek acknowledges, that he did not 
always find animalcules in the male semen ; for 
example, in that of the cock, which he often 
examined, he never bat once saw the ccbiikc 
animalcules: and, some years after, he could 
not discover these cels but found animalcules 
with a large head and a tail, which his draughts^ 
man could not perceive. He 1 ikcwise remarks, that, 
during one season, he could not discover living 
animals in the seminal fluid tof the cod f. All 
these disappointments proceeded from this cir* 
cumstance, that, though he saw moving glo- 
bules, he was unwilling to aroknovvledge them to 
he animals, unless they had tails, though it is in 
the form of globules that they most generally 
appear, cither in seminal fluids, or in infusions 
of animal and vegetable substances. In the 
same place, he remark^, that, though lie had of- 
ten distinctly seen the spermatic animals of the 
cod, he was never able .to makodiis draughtsman 
perceive them : ‘*Non solum,” says he, “obeximi- 
• am eorum exhilitatem, sed etiam quod' eorum 
corpora adeo essent fragillia, ut corpuscula pas- 
sim dirumperenter j unde factum fiiit ut non- 
nisi raro, nec sine altentissima ohservatione, ani- 
madverterem paiticulas planas atque ovorom 
iu morem longas, in quibus ^ parte caudas 

diguQseere licebat ; particuias has oriformes ex- 
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iiitunavi animalcula esse dirupta, qaod particu- 
Jte hsB diruptse quadruplo fere viderentur majores 
corporibus animalculorum vivorum.” Wlien 
an animal, whatever be its species, dies, it does 
not suddenly change its form ; f.om being long 
like a thread, it does not become round like a 
bullet; neither does it become four times as 
large after as before death. Not a single arti* 
cle of what is advanced by Leeuwenhoek, in 
this passage, has the smallest correspondence to 
the nature of an animal ; but, on tlie contrary, 
the whole agrees with a species of machines, 
which, like tViosc of the calmar, bui*st and empty 
themselves, after having performed their func- 
tions. To pursue this observation a little far- 
ther: he tells us, that he has seen the spermatic 
animals of the cod under different forms, " Mul* 
ta apparebant animalcula spbtcram pellucidain 
reprsesentantia,” and of different sizes, " Haec 
animalcula minori videbantur mole, quain ubi 
eadem antehac in tubd vitreo rotundu exami- 
npveram.” This is an evident proof that there 
is nothing like rn uniform and invariable species 
in these animalcules, and, consequently, that they 
are not animals, but only organic moving par- 
ticles, wliicb, by their different combinations, 
assume various figdres and sizes. Of these or- 
ganic particles, vast numbers appear in the ex- 
tract and in the residue of our food. The mat- 
ter which adltftes to the teeth, and which, in 
healthy persons, has the saihe smell willvthe so- 
minal fluid, is only a residue of our food. Hn it 
we accordingly find a great quantity of these 
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pretended animals^ sonae of which have 
and resemble those of the seminal fluid. Mr. 
Baker has given figures of four species of thein« 
which are all a kind of cylinders, ovals, or glo* 
butes, some of them having tails, and others not^ 
But, after the strictest examination, 1 am per* 
soaded, that none of them are real animtde, and 
that they are only, like those in the semen, the 
organic living particles of tfie food appearing 
under different forms. Leeuwenhoek, *who 
knew not how to account for these pretended 
animals in the matter adhering to the teeth, sup-' 
poses them to proceed from certain species of 
food, as cheese, in which they previously existed ) 
but they are found among the teeth of every 
person, whatever kind of food be eaten; and, 
besides, they Iiavc no resemblance to mites, 
or other animalcules which appear in corrupted 
chrcse. In another place, he tells us that these 
teeth animals proceed from the cistern water 
which we drink, becausef he observed similar ani- 
mals in rain water, especially when it had stag- 
nated upon leaden roofii. But^ when we give 
the history of microscopic animals, we shall de-* 
n>onstrate, that most of those found* in rain water 
are only organic moving particles, which divide, 
unite, change their size and figure, and, in a 
word, which can be made to move or to rest, to 
live or dte, as often as we please. 

Most seminal fluids spontaneously dilute, or 
becoma more liquid, wheu exposed to the air or 
tO‘a* certain degree of cold,- than wheu they issue 
from, the body. But they thicken upon the ap- 
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))lication oi’ a moderate degree of heat. 1 ex> 
posed some of these fluids to a degree of co\a 
e<}ual to that of -water just beginning to freezes 
but the pretended animalcules suflered Hot 
least injury from it« They moved with 
activity* and during the same length of tio^.aii ‘ 
those to which no cold had been applied. . Be$ 
those which wore exposed to a rniall degree ot 
heat, soon ceased to move* because the liquor 
thickened. If tVxese moving bodies . were uni- 
ma\s* t\\cy dxSeteA in Vbeir nature and constitn- 
tion from a\\ others* to which a moderate degree 
of heat communicates force and motion, nod 
upon whose bodies cold has the very opjgosite 
clVects. 

Before leaving thk subject, upon which *1 
have, perhaps, dwelt too long, 1 must still add 
another remark, which may lead to some use- 
ful conclusions. These pretended spermatic 
animals* which arc nothing but the organic 
living particles of food^ exist, not only ia 
the, seminal fluids of both sexes, and in the 
remnants of food<that adhere to the teeth* but 
likewise in the chyle and in the excrements. 
Leeuwenhoek* having met with them in the ex- 
crements of frogs, and of other animals which 
he dissected, was at fli-st greatly surprised } and* 
not being able to conjecture from^ whence ani- 
mals could proceed so similar to those in Ihe se- 
minal liquor he diad just been examining, ■ he 
accuses bis own want of dexterity* and supposes* 
that, in dissecting the animal* he liad inadver- ' 
tently opened the seminal vessels* and that the 

VOL. II. 9 p 
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iieitieti had in thi^ ntanner been mixed vnth the 
iteces, fi'iit having aftenvards observed the 
same phmnomeuon in the fieces of other a«i> 
mats, and even in his own, he was then totaHy 
nonplussed. It is worthy of remark, that Leeu- 
wenhoek never found animalcules in his own 
fasces, but when they were liquid. Whenever 
his stomach was out of ordgr, and his belly was 
loose, the animalctiles appeared ; but, wl^en his 
food was properly concocted, and his fmces 
were hard, not a single animalcule was to be 
found, although he diluted the faeces with wa- 
ter. These facts seem |lerffectly to coincide 
with* \vha£ we formerly advanced; for, w’hen 
tiic stomach and intestines properly perform 
their functions, the fseceS are only the gross 
dregs of the aliment, and all fbe nonrisbing and 
organic particles are absorbed by the lecteal ves- 
sels : in this case we cannot expect to find or- 
ganic particles in th^ faeces, which are solely 
composed of the useless and inert part of our 
food. But, when the stomach and intestines, 
from any indispositido, alldw the food to pass 
without being properly digested, then the or- 
'g&nic particles mix with the faeces ; and when 
examined with the microseppe, we discover them 
in the form of living organic bodies. Hence we 
may jponclude, that people who are troubled 
with looseness sbotald have less seminal liquor, 
and be less fitted, for the purpdSes of generation, 
^than* those of a contrary habit of body. 

Lhave all along supposed that the female fur- 
bishes a fluid equally necessary to generation as 



tliE E)CPEfttMENtS. 5711^. 

that of the mle. In the first chapter, I endea* 
voared to prove that every organiaed body con^ 
taihs living organk; particles ; and, in chap. ii. 
and iii. that nutrition and reprodoOtion are ef« 
fects of the same cause; that nutrition is per* 
foi’med by absorption; or an intirtiate penetration 
of organic particles through all parts of the 
body; and that reproduction is effected by the 
surpiuj of these same organic particles, collected, 
from every part of the body, and deposited 
in the reservoirs [destined for that purpose. In 
chap. \v. I have shown how this theory applies 
to the generation of man-, and other animals 
which have different sexes. Females being or* 
ganized bodies, as well os males, they must also 
have some reservoirs for the reception of the sUV- 
plus of organic pnrticlcs returned from all parts 
of their bodies. This surplus, as it is extracted 
from every part of the body, must appear 
in the form of a fluid; and it is this fluid to 
which I iiave given the appellation of the fe- 
male semen. 

This fluid is nx^v inert,, as Aristotle pretends^ 
but prolific, and equally essential to generation 
as the semen of the male. It contains particles 
distinctive of the female sex, as that of the other 
sex contains particles proper for the constitution 
of male organs ; and both of them contsun all 
the other organic particles which may 6e re- 
garded as Common to the two sexes : a^ henOe, 
from a mixtare of the two, tbo ^n may resemble 
bis mother, and the daughter her father Wp* 

8 p 9 
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pocrates tnaiiitains, that . the semen consists 
two fluids, one strong, which produces males, and 
the other weak, which produces females^, But, 
as the seminal fluid is. extracted from every part 
of the body, it is impossible to conceive bow the 
body of a female should produce particles proper 
for the formation of male organs. 

This liquor must enter, by some way or other, 
into the uterus of viviparous animals j ^.nd, in 
oviparous animals, it must be absorbed by the 
eggs, which may be regarded as portable ma- 
trixes. Each of these matrixes, or eggs, con- 
tains a small drop of tlie female fluids in that 
part^whick is called the cicatrice. This prolific 
drop, when the female has had no communica- 
tion with the male, assumes, as Malpighius ob- 
serves, the form of a mole, or inorganic mass } 
but, when it is penetrated by the semen of the 
male, it produces- a feetus, which is nourished 
aud brought to perfef:tion by the juices of the 
egg- 

Eggs, therefore, instead of being common to 
all females, are only.jnstriuaients employed by 
Nature for supplying the place of uteri in those 
animals which are deprived of this organ. In- 
stead of being active and essential to the first im- 
pregnation, eggs are only passive or accidental 
parts, destined for the nourishment of the foetus, 
already formed in a particular part of this ma- 
trix, by. the mixture of the maie and female se- 
menf> Instead df existing from the creation, 
ujid including within itself an infinity of 
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males and females, eggs, on the contrary, are 
bodies composed of a superfluous part of the 
food, which is more gross, and less orgvinic, than 
that of which the seminal fluid consists. The 
«gg> in oviparous females, answers the same pur> 
poses as Ute uterus and menstrual flux in the vi> 
viparous. 

To evince that eggs are destined by Nature 
Only supply the place of an uterus in such 
animals as are deprived of this organ, we must 
consider, that females produce eggs independent 
of the male. The uterus, in viviparous animals, 
is a part peculiar to the female sck ; in the same 
manner, female fowls, that w'ant this organ, 
have the defect amply supplied by the successive 
pKiducion of eggs, vdiich must necessarily exist 
in these females, 'independent of all communi- 
cation with the male. To pretend that the As- 
tus preexisted in the egg, and that eggs are 
contained, ad ^within each other, is 

equally ridiculous as to nifaintain that the foetus 
preexisted in the uterus, and that the uterus of 
the first female contained all the uteri that ever 
were or will be produced. 

Anatomists have applied the term egg to things 
of very opposite natures. Harvey, in his apbo- 
risBi, Omnia ex ord, by the word egg^ when 
applied, to oviparous animals, means only the bag 
which includes the foetus and all its appcitdages. 
He imagined that he perceived the formation of 
this egg or bag immediately after the junction 
of the male and female. But this egg piccectiefi 
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not from the ovarium of the female; he evea 
asserts that he could not distinguish the smallest 
alteration ifi the ovarium. It is apparent, that 
there is not here the most distant analogy to what 
is commonly understood by the word e^g, unless, 
perhaps, the figure of the bag might have some 
faint resemblance to that of an egg. Harvey, 
though he dissected many viviparous females, 
never could perceive any change in their ^varia ; 
he even regards them as glands totally uncon- 
nectedwith the purposes of generation though, 
as we have seen, they undergo very considerable 
changes. This able anatomist was deceived by 
the sniallness of the glandulous bodies in animals 
of the deer kind, to which his researches were 
principally confined. Conradps Peyerus, who 
made many ob.servations on theftesticles of female 
deer, remarks, ** Exigui quidem sunt damarum 
testiculi, sed post goitum foecundum, in alter* 
utref eorum, papilla, shre tuberculum fibrosum, 
semper succrescit; scrofis autem prmgnantibus 
tanta accidit testicnlorum mutatio, ut mediocrem 
quoque attentionem Oigcre flequeantf.” This 
author ascribes, with propriety, the reason why 
Harvey observed no glianges in the testicles of 
the deer, to their smallness. But he is wrong 
w'hcn he tells us, that the changes he had re- 
marked, and which had escaped Harvey, never 
happened but after impregnation. 


'* See Harvey, Exercit. 6 1 and 05. 
f See Conrad. Peyer. Merycolog. 
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astxcXes. \\fe v«s«\s, VVttSt xW wes’Ct ei\- 

iets iVve uV^m, %v\dk vV\al\l\s\mpos^VAe it s\toci\d 
find admittance i and yet Verheyen found a 
great quantity of male semen in the uterus of a 
cow, which he dissected six. hours after copula- 
tion*. The celebrated Ruysch informs us, that, 
in dis^cting a woman who had been killed im- 
mediately after the act of adultery, he found a 
considerable quantity of male semen, not only 
in the uterus, but in the Fallopian tubes f. Valis- 
uieri likewise assures us, that Fallopius, and other 
anatomists, had dispovered male semen in the 
uteri of several womep. This poinj:, therefore, 
though denied by Harvey, is established i)y the 
jiqsitive testimony o^ several able anatomists, g.nd 
particularly by Leeuwenhoek, who found male 
semen in the uteri of many dilTercut species of* 
females. 

Harvey mentions an abortion, in the ^ond 
month, as large as a pigeon’s egg, without any 
appearance of a foetus. In this also he must 
have been deceii^ed; for Ruysch, and several 
other anatomists, maintain, that the foetus is dis- 
tinguishable by the naked eye, even in the first 
month of pregnancy. In the Histoiy of the 
French Academy,* we have an account of a 
foetus completely formed on the twenty-first day 
after impregnation. If, to these authpcitics, wc 

* See Verheyen, Sup. Anat. tra. 5, cap. 3. ,, 
t See Ruysch Thea. Anat. p. 90, tab. ti. fig. 
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add that of Malpighius, wh\> distinguished the 
chick in the cicatrice immediately after the 
egg issued from the body of the beny we cannot 
hesitate in pronouncing that the foetus is 
formed iihmediately after copulation ; and, con- 
sequently, no credit is due to what Harvey says 
concerning the increase of the parts by juxta-po- 
sition ; since these parts exist from the beginning, 
and gradually expand till the* foetus be perfectly 
mature. 

De Graaff differs widely from Harvey in bis ac- 
ceptation of the word Ha maintains, that 

the female testicles are real ovaria, and contain 
eggs similaato those of oviparous animals, except 
that they are much smaller, never fall out of the 
body, nor detach themselves till after impregt?*- 
tiou, w’hen they descend from* the ovarium into 
the uterus. The experiments of De Graaff have 
contributed more to. thc^ belief of the existence of- 
eggi^tthan those of any^ other anatomist. They 
are, notwithstanding, tdtally void of foundation ; 
for this celebrated author, in the first place, mis- 
takes the vesicles of tli^ ovarium for eggs, though 
they are inseparable from the ovarium, form a 
,part of its substance, and are filled with a species 
of lymph. 2. He is still more deceived, when 
he informs us, that the glandulous bodies are 
only the coverings of these eggs or vesicles; for it 
is certain, from the observations of Malpighius 
and of Valisnieri, and from m^' own experi- 
ments,, that the glmidulous bodies .contain no ve- 
siclcj: 3. He is wrong in maintaining that tho 
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glanduloos bodies never appear till after iinpreg» 
nation. On the contrary, these bodies are uni- 
formly found in all females, after the age of 
puberty. 4. He errs in supposing that the glo- 
bules which he saw in the uterus, and which con- 
tained the foetuses, were the very vesicles that 
had descended from the ovarium into the uterus, 
and that, he remarks, had become ten times 
smaller than when they were in the ovarium. 
This circumstance alone of their diminished size 
should have convinced him of his mistake. 
5. He is equally unfortunate in maintaining 
that the glandulous bodies are only the coverings 
of the fecundated eggs, and that the niynher of 
coverings or empty follicles always corresppnd 

the number of ftetuses. This assertion iS the 
reverse of truth; for, on the testicles of all fc-* 
males, we uniformly find a greater number of 
glandulous bodies, or'cicatrices, than of fuel uses 
actually produced; aipd they even appear iu 
those which never brought forth. To this we 
may add, that neither he, Verheyen, nor any 
other person, ever saw Jihe egg in this pretended 
covering, or in its follicle, though they have 
thought proper to rest their system upon that 
supposition. 

Malpighins, who distinguished the growth of 
the glandulous bodies in the female testicle, was 
deceived when he imagined that he once or twice 
discovered thi* egg in their cavities; for this ca-' 
vity contains onjy a fluid; Ibesides, after num- 
berless experiments, no man has ever been able 
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to discover way thing that had the most distant 
resemblance to an egg. 

Valisni^i, who is never deceived with regard 
to facts, is wrong in maintaining that the egg 
must exist in the glandulous body, though nei* 
ther he, nor any man else, was ever able to dis> 
cover it. 

Let us now attend to what may be esteemed 
the real discoveries of these anatomists. De Gj^lT 
was the first who discovered that the testicles of 
females sufi'ered any change; and lie was right 
in maintaining that they \fere parts essentially 
necessary to generation. Malpighius demon* 
strated, that the glaudulous bodies gradually grew 
to maturity, and that, immediately after, they 
were obliterated, and left behind them a slight 
cicatriee only. Valisnieri illustrated this subject 
still farther. He discovered that these glandulous 
bodies were found in the testicles of all females; 
that they were considerfibly augmented in the 
season of love; that they increased at the me* 
pense of the lymphatic vesicles of the. testicle.; 
and that, during the tin^e of their maturity, they 
were hollow and full of liquor. These are -all 
the truths we have learned concerning the pre- 
tended ovaria and eggs of viviparous animals; 
what conclusions are we to draw from them? 
Two things appear to be evident: the one, that 
no eggs*mcist in the testicles of females; the 
other, that there is a fluid Imth in-Hhe vesicles of 
the testicle, and in the cavity of the glandulous 
Ixfdies; and we have demonstrated, in the pre* 
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ceding expetiments. that this ilast flaid is the true 
fem^e semen, because it contains, like tliat of 
the male, spennatic animals, or rather organic 
particles, in motion. 

The seminal fluid of females, therefore, being 
thus fully ascertained, after what has been said, 
we must be satisfied that the seminal fluid in 
general is the suj)erfluous organic part of our 
fooc^ which is transmitted from all parts of the 
body to the testicles and seminal vessels of males, 
and to the testicles and glandulous bodies of fe- 
males. This liqnoiv which issues through the 
nipples of the glandulous bodies, perpetually be- 
dews the Fallopian tubes, and mRy easily find 
admission into them, eitlier by absorption, or by 
ike small aperture at tlieir extremity, and in* this 
manner may dtscend ihto the uterus. But, an 
the supposition of the existence of eggs, which 
are ten or twenty times larger than the aperture 
of the tubes, it is imposisible to conceive tiic pos- 
sibility of their being transmitted to the uterus. 

Ttie liquor shed by females in the paroxysm of 
love, which De Graaif.enpposes to proceed from 
lacunre about the neck of the uterus and the ori- 
fice of the urethra, may be a portion of the su- 
perfluous fluid that continually distills from the 
glandulous bodies upon the Fallopian tubes. But 
pertiaps this liquor may be a secretion of a dif- 
ferent kind, and no way connected mth gene- 
ration. To decide this question, mict'oscopic 
observations would be necessary; but kU expe- 
riments are not permitted even to philosophers. 
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1 am inclined to think, that, in this liquor, the 
same spermatic animals, or moving bodies, would 
be found, as appear in the fluid of the glandulous 
bodies. Upon this subject, I might quote the 
authority of an Italian physician, who had an 
opportunity of trying this experiment, which is 
thus related by Valisnieri*: ** Aggiugne il lo- 
dato sig. 'Bono d’ayergli anco veduti (animali 
spermatid) in qnesta linfa o siero, diro .cost 
voluttuoso, che ne tempo dell* amorosa zufia 
scappa dalle femine libidinose, senza che si po- 
tesse sospettare che fossero di que’ del maschio,” 
&c. If the fhct be genuine, as I have no 
reason to doubt, it is certain that this liquor 
is the same with that contained in the glandu> 
loos bodies, and, of course,' that it is a re>»^ 
seminal fluid, which escapes through the lacunae 
of Dc Graafi*, situated about the neck of the 
uterus. 

Hence we may conclude, that the most libi« 
dinous females will be the least fruitful, because 
they throw out of the body that fluid which 
ought to remain in the uterus for the formation 
*of the foetus. We likewise learn why common 
prostitutes seldom conceive, and why women in 
warm climates, who have more ardent desires 
than those of colder regions, are less fertile. 
But of this we shall afterwards have occasion to 
treat. 

It is natural to imagine that the*Seminal fluid 


* Tom. il p. 136. 
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of cither sex should not be fertile, unless when it 
contains moving bodies. But this point is still 
undetermined. The Italian physician, mentioned 
above, alleges, that he never found spermatic 
animals in his semen till he arrived at forty years, 
although he was the father of many children, 
and continued, after the animalcules appeared, 
to beget more. 

The spermatic inoving bodies may be regarded 
as the first assemblages of the organic particles 
which proceed from all parts of the body; and, 
when a great number of them unite, they be* 
come perceptible "by means of the microscope. 
But, when the number united is snKill, the body 
they form is too minute to be visible, and no 
potion will appear^in the seminal fluid, aY:ase 
which not unfrcqueutly happens. But a loug 
train of successive experiments would be nece&r 
sary to ascertain the causes of the different states 
in which this fluid appears. 

Of one thing I am ceHain, from repeated trials, 
that a seminal liquors though no motion can 
be perceived when it: is first taken from the 
body, after being three or four days infused in 
water, produces as great a number of organic 
moving particles, as another semen, treated in 
the same manner, which at first contained vast 
multitudes. These moving bodies appear like* 
wise in infusions of the blood, of flie chyle, 
of the fiesh, and even of the urine, as well as in 
infusions of all parts of vegetables ; ' and those 
which appear in all these difi'erent substances 
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seem to have Nothing peculiar to them. They 
all move and act nearly in the same manner. If 
we will have these bodies to be animated, it must 
be allowed, that they are very imperfect, and 
ought to be regarded only as the rudiments of ani- 
mals, or rather as bodies composed of particles 
essential to the existence of animals. As Nature’s 
productions are uniform, and advance by imper- 
ceptible degrees, there is no improbability in 
supposing the existence of organized bodies, 
which properly belong not either to the animat 
or vegetable kingdoms. 

However this matter may* stand, it is fully 
ascertained, Vhat all animal and vegetable sub-* 
stances contain an infinite number of living or- 
ganic particles. These particles Succe.ssive1y as- 
sume dilFcrent forms, and difiefent degrees of 
activity, according to different circumstances. 
They are more abundant in the seminal fluids of 
both sexes, and in the seeds of plants, than in 
any other part of the animal or vegetable. There 
exists therefore, in vegetable and animals, a 
living substance which is<comm6n to them both j 
and this substance is the matter necessary to their 
nutrition. The animal is nourished by vege- 
table or animal substances; and the vegetable is 
nourished by the same substances in a decom- 
posed state. This common nutritive substance is 
always alive and active. It produces an animal 
or vegetable, whenever it findsT an internal 
mould or. matrix accommodated to the one or 
the other, as has already been explained. But, 
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w\\et\ t\i\s acl\\e substance \s coWecled too abun- 
dant\y ui a p\ace where it has an opportunity of 
uniting, it forms, in the animal body, other 
living creatures, as the tape worm, the ascarides, 
the worms sometimes found in the veins, in the 
sinuses of the brain, in the liver, &c. Animals 
of this kind owe not their existence to the ge- 
neration of individuals of the same species. It 
is, therefore, nalural to tiiiuk, that they are 
produced by an extravasation of the organic 
matter, or by an inability in the lacteal vessels 
to absorb the quantity of it presented to them. 
But we shall atleruiards have occasion to examine 
more in detail the nature of these \y)rms, and of 
other animals which are produced in a similar 
tnanner. 

When this organic matter, which may be con- 
sidered as an universal semen, is assembled in 
great quantities, as in the seminal fluids, and in 
the mucilaginous part of the infusions of plants, 
its first effect is to vegemte, or rather to produce 
vegetating beings. These zoophytes swell, ex- 
tend, ramify, and^ben^ produce globular, oval, 
and other small bodies of different figures, all of 
which enjoy a species of animal life; they have 
a progressive motion, which is sometimes 'very 
rapid and sometimes more slow. The globules 
themselves decompose, change their figure, and 
become smaller; and, in proportion aS they di- 
minish in siz?, the rapidity of their motion in- 
creases. 

^ I have sometimes imagined that the venom of 
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the viper, and even the poison of enraged atii> 
mals, might proceed from -this active matter bc> 
ing too much exdlted. But I have not yet had 
leisure for experiments of this kind, nor for as« 
certaining the nature of difieretit drugs. All I 
can say at present is, that infusions of the most 
active drugs abound with moving bodies, and 
that they appear lAwner in them than in other 
substances. 

Almost all microscopic animals are of the same 
nature with the moving bodies in the seminal 
fluids, and in infusions of animal and vegetable 
subststnees. The eels in paste, in vinegar, &c., 
are all of the. same. nature, and derived from the 
aanje origin. But the proofs and illustrations re-> 
lattve to this subject, we shall reserve till we give 
the parHcular history of microsc<>pic animals. 


END OF VOL. n. 


" C»ul/ flMt Sirttt, 








